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INTRODUCTION. 


JL  HE  Atmofphere  affords  an  ample  and  extenfive  field  for  the  re* 
fearches  and  contemplation  of  the  Phjlofopher;  and  altho'  many 
important  and  interefting  discoveries  have  already  been  made  in  it, 
yet  a  great,  perhaps  the  far  greater  part  of  this  fidd,  remains  unex- 
plored, and  hid  from  human  knowledge;  and  notwithftanding  far- 
ther difcovcries  may  be  yet  made,  it  is  very  probable,  from  its  ex- 
tent, and  the  extreme  fubtilty  of  the  feveral  parts  of  which  the  At- 
mofphere is  compofed,  and  from  our  confined  fituation  and  limited 
understandings,  that  it  may  remain  fo  to  the  end  of  the  world. 

But  altho'  we  can  never  attain  to  a  perfect  knowledge  of  the  fub- 
flance  and  properties  of  the  Atmofphere,  yet  from  what  is  already 
known  by  obfervation  and  experiments,  many  of  the  appearances  of 
wind  and  weather  that  are  daily  exhibited  near  the  furfaee  of  the 
earth  may  be  rationally  accounted  for:  and  as  the  principal  part  of 
the  affairs  in  life  are  deeply  interefted  in  the  winds  and  weather,  it 
naturally  follows,  that  every  difcovery  which  tends  to  a  knowledge 
of  their  primitive  caufes,  and  how  they  operate  in  producing  the 
feafons,  in  different  countries,  fituations,  and  climates,  with  the 
connection  and  effects  the  feafons  in  each  climate  may  have  upon 
the  reft  —  fo  that  from  a  knowledge  of  the  feafons  in  one  or  more 
climates,  a  judgment  may  be  formed  of  that  in  another;  or 
is  of  (till  greater  confequence,  that  from  a  knowledge  of  a  number 
of  bygone  feafons,  an  eftimatc  may  be  formed  how  a  future  may 
tarn  out,  together  with  every  thing  that  may  tend  to  throw  any 
light  upon  the  feeming  uncertainty  of  the  winds  and  weather  —  muft 
certainly  be  of  -the  moil  effential  fervice  to  mankind. 

experience  in  cruizing  and  traverfing  in  different 
directions  both  fides  of  the  Atlantic  ocean 

• 


1.288491 


[  4  1 

the  author  has  made  (he  hopes)  a  fuccefsful  attempt,  in  the  follow- 
ing Iheets,  to  prove,  from  the  effects  of  heat  and  cold,  the  theory 
and  caufc  of  winds;  that  there  is  a  regular  circulation  of  the  At- 
mofphere  over  that  ocean,  and  the  Continents  of  Europe,  Africa, 
and  America  bordering  it;  from  which  arife  the  caufes  of  the  dif- 
ferent forts  of  weather  found  in  each  part  j  which  when  farther  ef- 
tablifhed  by  future  obfervations  and  difcoveries,  may  lead  to  the 
important  and  ufeful  difcovery,  how  the  hufbandman,  from  the  di- 
rection of  the  clouds,  appearance  of  the  Iky,  and  denfity  of  the 
Atmofphere,  by  means  of  the  Barometer,  compared  with  the  pre- 
ceding weather  and  appearances  in  his  own  and  other  countries, 
may  according  to  the  feafon  choofe  the  mod  proper  time  for  depo- 
fiting  his  feed,  reaping  his  harveft,  together  with  the  other  opera- 
tions of  husbandry;  and  the  navigator,  by  the  fame  means,  may 
purfue  the  tract  in  eroding  the  ocean  in  which  he  is  leaft  liable  to 
obstruction  from,  and  in  which  he  will  be  mofl  aflifted  by,  the  pre- 
vailing winds. 

In  the  profecution  of  this  fubject  it  will  be  found,  that  all  the  con- 
elufions  are  agreeable  to  the  theory  of  gravity,  the  laws  of  motion r 
and  the  properties  of  fluids,  as  far  as  they  are  known,  together  with 
the  refult  of  known  experiments  and  undoubted  obfervations;  except 
when  fuppofititious  theories  concerning  the  electric  fluid  are  intro- 
duced, which  was  absolutely  neceflary  for  reconciling  appearances 
and  connecting  events:  for  it  is  now  univerfally  allowed,  that  the 
electric  fluid  forms  a  confiderable  part  of  the  Atmofphere,  and  is  an 
active  agent  in  many,  if  not  in  mofl  of  the  operations  that  take 
place  there,  altho'  from  its  extreme  fubtilty  it  is  not  yet  fufficiently 
known  in  what  manner  it  acts.  Thefe  fuppofititious  theories  are  re- 
ferred to  as  feldom  as  poflible;  but  where  they  happen  to  occur, 
they  will  be  found  to  be  fuch  as  are  the  mo  ft  probable  from  exifl- 
ing  circumflances,  and  may  remain  as  fuppofititious,  without  any 
detriment  to  the  general  theory,  until  they  are  confirmed  by  obfer- 
vations, or  fuperfeded  by  fome  other  quality  producing  the  fame 
effect. — So  that  altho'  the  general  theory  laid  down  here,  from  this 
as  well  as  other  circumflances,  cannot  be  fuppofcd  to  be  perfect  in 
all  its  parts,  yet  by  being  eftablifhed  upon  a  fure  foundation,  it  will 
fee  capable  of  receiving  continual  improvement  from  future  obferva- 
tions and  difcoveries. 

As 
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As  little  is  faid  concerning  the  electric  fluid  in  the  profecution  of 
the  following  fubje£t,  it  may  not  be  amifs  to  make  fome  obferva- 
tions  concerning  it  here,  in  the  doing  of  which  I  fliall  begin  with 
that  extraordinary  phcenomenon  the  Waterfpout,  the  caufe  of 
which  has  hitherto  been  fo  little  known. 

Various  are  the  theories  that  have  been  advanced  concerning  the 
caufe  and  formation  of  Waterfpouts,  the  merits  of  which  it  is  not 
intended  to  di&ufs  here;  only  it  is  agreed  by  all,  that  the  Water- 
fpout is  an  ele£tric  phcenomenon,  and  it  would  feem,  among  many, 
that  the  principal  reafon  for  this  opinion  is,  becaufe  fuch  a  phceno- 
menon, whofe  appearance  is  (jp  repugnant  to  all  the  laws  we  know 
in  nature,  cannot  be  accounted  for  any  other  way.  Waterfpouts 
always  appear  in  warm  weather,  generally  in  calms  or  with  little 
wind,  and  their  upper  end  is  always  connected  with  a  large  denfe 
cloud.  The  following  is  the  defcription  of  one  obferved  upon  the 
coaft  of  North  America ;  and  its  happening  during  a  frem  gale 
makes  it  more  fingular. 

Upon  the  forenoon  of  the  pth  of  October,  1795,  while  cruizing 
in  His  Majefty's  fhip  Refolution  of  74  guns,  (then  bearing  the  flag 
of  the  late  Admiral  Murray)  in  company  with  H.M.S.  Africa  of  64 
guns,  commanded  by  the  late  Admiral,  then  Captain  Home,  in  la- 
titude 32,  and  longitude  66\  W.  having  the  wind  at  N.  N.  E. 
blowing  a  frefh  gale,  and  the  (hip  (leering  by  the  wind  eaft  for  the 
ifland  of  Bermuda,  we  were  furprifed  with  a  Waterfpout  formed  in 
an  inftant,  directly  to  leeward,  at  about  two  miles  or  little  more 
diftant.  Both  the  Africa  and  us  fired  feveral  1 8-ppund  fhot  at  it, 
which  fell  a  little  fliort ;  and  altho'  feme  of  the  fhot  fell  very  near, 
yet  they  had  no  vifible  effect  upon  it.  Its  appearance  was  that  of  a 
long  (lender  pillar,  with  the  upper  end  fpreading  into  a  large  denfe 
cloud,  of  which  it  feemed  to  form  a  part,  and  the  lower  end  reached 
to  within  about  20  or  30  feet  of  the  fea,  where  it  was  obfcured  from 
the  fight  by  the  water  being  violently  thrown  up  and  agitated,  fo  as 
to  refemble  a  number  of  fountains  or  water  engines  playing  perpen- 
dicularly round  the  lower  end  of  the  fpout.  The  pillar  became  more 
tranfparent  in  proportion  as  it  decreafed  in  fize  from  the  cloud 
downward,  until  at  the  lower  end,  where  it  was  near  perfectly  fo  ; 
and  a  fmall  column,  of  an  equal  diameter  and  more  tranfparent  than 
the  reft,  appeared  up  thro'  the  middle,  fo  that  about  the  lower  end 

it 


it  refembled  an  empty  glafs  tube  in  appearance;  from  tlicnce  the 
tranfparent  column  in  the  middle  became  gradually  obfcured,  the 
higher  up,  by  the  opacity  of  the  out  fide,  until  it  altogether  difappear- 
ed  near  the  cloud.     The  fpout  appeared  at  its  full  fize,  or  nearly  fo, 
when   firft  feen,  and  began  to  decreafe  fhortly  after,  and  turning 
gradually  f.naller,  it  in  a  fnort  time  vanifhed  in  a  flight  fhower. — 
We  were  too   intent  gazing  at   this  extraordinary  phcencmcnon  to. 
mark  the  exa£l  time  it  lafled,  but  fuppofed  it  to  continue  10  or  15 
minutes,  and  its  diftance  from  the  (hip  was  pretty  accurately  afcer- 
tained  by  the  fhot  fired  at  it  nearly  reaching;  but  what  appeared 
moft   remarkable  was,  that  altho'  the  wind   blew  fo  flrong  a  gale, 
that  the  (hip  could  only  carry  reefe'd  tcpfails,  (from  which  the  ve- 
locity of  the   wind  cannot  be  eftimatcd  at  lefs  than  30  or  40  miles 
an  hour)  yet  the  Waterfpout  feemed  to  move  but  very  little  from 
the  place  where  it  was  firft  feen.     The  fhip  was  going  at  the  rate 
of  5}  miles  an  hour,  and  increafing  her  diftancw  from  the  fpout, 
yet  after  continuing  the  above-mentioned  time,  it   was  confiderably 
within  the  verge  of  the  vifible   horizon  as  feen  from  the  quarter- 
deck, when  it  vanished,    (as  upon  the  quarter-deck  the  eye  was  ele- 
•  vated  23  feet  above  the  furface  of  the  fea,  the  horizon  would  there- 
fore be  feen  about  6  miles  cliftant):  now  allowing  the  fhip  to  have 
increafed  her  diuance  from  the  fpout  half  a  mile  during  its  continu- 
ance, and  that  it  vanifhed  a  mile  within  the  verge  of  the  vifible  hori- 
zon, which,  together  with  2  miles  it  was  diftant  when  •  firft  feen, 
will  make  in  all  3  {  miles,  which  taken  from  6  miles  (the  diftance  of  the 
vifible  horizon)  leaves  2  \  miles  for  the  fpout  to  move  in  10  minutes; 
where  as  the  wind  mud  have  gone  at  lead  5  miles  in  that  time,  and 
confequently  2  ;-  miles  fader  than  the  Waterfpout.  Indeed  it  is  very 
probable  the  Waterfpout  did  not  move  fo  much,  in  proportion  to  the 
wind,  as  the  above  calculation  gives  the  leaft  difference  bettveen  their 
motions   that  co-all  have  been  allowed  from   the  obfervations  :    the 
intention  of  this  calculation  being  principally  to  prove  that  the  Wa- 
terfpout  in    forne  rncafare  refilled   the  force  of  the  wind.     I  have 
been  thus  particular   in  the  defcnption  of  a  Waterfpout,  in  order 
that  thofe  who  have  never  feen  one  may  form  a  juft  idea  concern- 
ing it;  and  fhail  now  proceed  to  give  an  opinion  as  to  the  moft  pro- 
bab.le  caufos  that  operate  in  its  production. 

It  is  evident  from  rea  a  operations  of  naturo, 
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as  well  as  from  the  teftimony  of  thofe  who  (without  being  prejudic- 
ed by  fabulous  (lories  concerning  them)  may  have  feen  Waterfpouts 
fo  near  as  to  obferve  them  minutely,  that  they  are  nothing  elfe  than 
the  common  operations  of  a  cloud  condenfing  into  water  and  falling 
to  the  earth ;  only  inftead  of  falling  in  drops  and  forming  a  (hov/cr 
cf  rain,  the  drops  by  joining  coalefce  and  form  a  ftream,  which  de- 
fcending  with  great  velocity,  continues  until  the  denfeft  part  of  the 
cloud  being  discharged,  it  is  exhaufted,  and  becomes  too  thin  and 
expanded  for  the  drops  any  longer  to  coalefce.  The  ftream  then 
ceafes,  and  the  defcent  of  the  water  is  converted  into  a  (hower. 

It  is  univerfally  allowed,    from  the  refult  of  numerous  experi- 
ments, that  a  greater  quantity  of  electric  fluid  is  always  found  in  a 
cloud  than  in  the  other  adjoining  parts  of  the  Atmofphere;  and  it 
commonly  happens,  that  die  denfer  the  cloud  is,  the  more  electric 
fluid  is  contained  in  it;  from  which  circumftance  I  have,  in  the  fol- 
lowing treatiie,  taken  the  liberty  of  fuppofmg,  that  the  electric  fluid, 
by  attaching  itfelf  to   the   particles  or  rather  globules  of  water,  by 
furrounding  them  in  form  of  an  Atmofphere,  contributes  by  its  le- 
vity towards  Supporting  them  afloat  in  the   Atmofphere;  while  at 
the   fame  time,  by  thus  furrounding  them,  it  forms  that  repelling 
property,  which   when   gathered  into  a  cloud,  by  their  gravitations 
hinders  them  from  uniting  in  a  mafs.     Now  whether  thefe  globules 
are  hollow,  by  which  the  fluid  inclofed  as  well  as  that  furrounding 
them  helps  to  buoy  them  up,    or  whether  they  are  compact,  is  a 
circumftance  not  yet  difcovered ;  but  in  either  cafe,  whatever  form 
or  fize  they  may  be  of,  it  is  evident,  that  when  from  any  circum- 
ftance two  or  more  of  thefe  globules  join  and  form  a  drop,  the 
electric   fluid  attached  to  each  will  now  furround  the  whole  drop, 
whofe   furface  being  lefs  than  the   Surfaces  of  the  Separate  globules 
which    formed   it,  and  the  electric  fluid  reaching  to  only  the  fame 
diftance  from  that  furface,  there  will  be  more  fluid  than  will  attach 
to  it;  therefore  the  remaining  part  will  inveft  any  of  the  other  glo- 
bules which  may  have  a  lefs  proportion  of  fluid  furrounding  them, 
while  at  the  fame  time  the  great  body  of  electric  fluid  in  the  cloud, 
by  invefting  it,    continues  to  communicate  and  adhere  together. — 
From  thefe   circumftances,    when  there  happens  to  be  a  very  denfe 
cloud  containing  an  extraordinary  quantity   of  electric  fluid,   and  of 
great    perpendicular  dimenfions,  ready  to  condenfe  into  water;  if 
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this  condenfion  firft  takes  place  in  the  middle  of  the  cloud,  the 
electric  fluid  will  be  forced  to  the  outfide  by  the  coalescing  of  the 
drops,  where  by  collecting  the  fmaller  globules  of  water  or  vapour, 
and  inverting  them,  will  by  this  means  become  of  more  confiften- 
cy;  and  thus  by  collecting  in  great  abundance,  and  adhering  toge- 
ther, will  inveft  the  cloud  all  round,  when  at  laft  the  water  collec- 
ted by  condenfation  will  by  its  weight  break  thro'  the  under  part, 
and  falling,  carry  down  part  of  the  eletlric  fluid  which  may  be  at- 
tached to  it.  Thus  the  ele£lric  fluid  being  prefTed  down  by  the  weight 
of  the  cloud,  and  it  again  preffing  up  by  its  levity,  will,  with  the 
thinner  vapour  attached  to  it,  form  a  kind  of  funnel  for  collecting 
the  drops  as  they  defcend,  of  which  the  part  attached  to  the  def- 
cending  water  forms  the  fpout ;  and  thus  the  operation  will  conti- 
nue until  the  denfeft  part  of  the  cloud  is  difcharged  in  the  ftream, 
which  forms  the  tranfparent  centre  of  the  pillar,  having  the  electric 
fluid,  mixed  with  innumerable  particles  of  water,  of  the  nature  and 
confiftency  of  vapour,  forming  the  outfide.  This  ftream  falling 
from  fo  great  a  heighth,  acquires  a  very  great  degree  of  velocity, 
with  which  it  ftrikes  the  furface  of  the  fea  with  fuch  force,  as  from 
the  recoil  to  caufe  that  violent  ebullition  or  flying  up  of  the  water, 
that  is  always  feen  round  the  lower  end  of  the  fpout. 

The  beginning  of  a  Waterfpout  is  almoft  inftantaneous,  and  is 
never  perceived  unlefs  the  eye  mould  chance  to  be  directed  to  the 
fpot  at  the  time,  but  its  termination  is  gradual.  It  only  exhaufts  the 
denfeft  part  of  the  cloud,  ceafmg  when  the  fupply  of  water  becomes 
too  little  for  continuing  the  conftant  ftream.  By  eftimating  the 
height  from  which  a  Waterfpout  defcends  at  an  Englifh  mile,  its 
velocity  when  ftriking  the  furface  of  the  fea,  will  be  at  leaft  560 
feet  per  fecond,  which  upon  ftriking  a  fhip  muft  render  it  very  dan- 
gerous, if  not  fatal,  and  us  fuch  is  much  to  be  dreaded.  This  bo- 
dy of  water  defcending  with  fuch  velocity,  accounts  for  its  refifting 
the  force  of  the  wind,  when  its  motion  exceeds  that  of  the  cloud 
from  which  the  water  defcends  The  common  ftory  of  the  firing  of 
a  gun  breaking  the  Waterfpout  is  erroneous;  even  a  fhot  falling  near 
it  has  no  effect  that  way.  What  effecl:  it  would  have  upon  ftriking 
it,  I  cannot  tell,  having  never  feen  it  take  place;  and  altho'  after 
converting  upon  the  fubjeft  with  feveral  intelligent  feamen,  I  have 
not  met  with  one  who  faw  a  fhot  deftroy  a  Waterfpout.  Indeed  I 

will 
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will  not  pretend  to  fay  what  effect  an  iron  ball  paffing  thro'  the  elec- 
tric fluid  that  circumfcribes  the  fpout,  may  have  upon  it ;  only  of 
this  I  am  pretty  certain,  that  many  of  the  vulgar  ftories  propagated 
concerning  Waterfpouts  are  fabulous. 

I  have  always  obferved,  that  Waterfpouts,  lightning,  and  other 
electrical  phcenomena,  are  far  lefs  frequent  toward  the  middle  of 
the  ocean,  than  they  are  upon  the  land,  or  near  it;  and  when  they 
happen  upon  the  fea,  the  cloud  that  contains  them  is  generally  ob- 
ferved  to  have  come  from  off  the  land;  for  which  reafon  we  find, 
that  electrical  phoenomena  are  more  frequent,  and  are  found  to 
reach  to  a  greater  diftance,  upon  the  fea  bordering  the  Eaft  coaft  of 
N.  America,  than  upon  that  bordering  the  Weft  coaft  of  Europe, 
becaufe  of  the  prevailing  wefterly  winds  carrying  the  clouds  charged 
with  electric  fluid  off  the  land  upon  the  fea  near  the  American  coaft, 
whereas  upon  the  European  coaft  thefe  winds  confine  the  clouds 
upon  the  land.  It  is  alfo  a  known  fact,  that  within  the  limits  of 
the  N.  E.  trade-winds,  and  half  way  between  the  Cape  Verd  and 
Windward  Weft  India  Iflands,  more  efpecially  in  the  latitude  of 
thefe  iflands,  that  fcarce  any  of  thefe  electrical  appearances  ever 
happen,  whereas  upon  the  mores  of  Africa  and  America,  in  the 
fame  climate,  they  frequently  rage  with  great  fury.  Indeed  light- 
ning is  feldom  found  violent  near  the  middle  of  the  ocean  in  any  part, 
and  Waterfpouts  never  happen  there ;  from  all  which  it  appears  evi- 
dent, that  the  electric  fluid  is  more  abundant,  or  at  any  rate  exerts 
itfelf  more  upon  the  land  than  it  does  upon  the  fea.  Altho'  light- 
ning is  almoft  always  accompanied  with  a  cloud,  yet  during  cold 
weather  in  northern  climates,  it  is  fometimes  feen  without  a  cloud ; 
but  then  it  produces  no  noife. 

From  the  extreme  fubtilty  of  the  electric  fluid,  little  is  known 
concerning  it,  except  its  appearance  and  effects.  In  appearance  it 
is  every  way  fimilar  to  fire,  and  its  effects  are  fuch  as  in  general 
would  be  produced  by  that  element;  confequently  if  the  electric 
fluid  be  not  the  fame  as  the  fluid  of  fire,  it  cannot  differ  much  from 
it;  for  from  late  experiments,  fire  is  allowed  to  be  a  fluid  inherent 
in  all  matter,  and  a  great  if  not  the  moft  part  to  exift  in  fubftances 
in  a  latent  ftate,  and  the  electric  fluid  may  be  alfo  faid  to  be  the 
fame.  Fire  is  collected  and  becomes  active,  or  in  a  burning  ftate, 
by  friction ;  the  electric  fluid  by  friction  is  found  to  do  the  fame, 

by 
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by  accumulating  about  thefe  fubftances  to  which  it  has  a  propenfity 
to  adhere,  and  which,  from  that  circumftance,  are  commonly  called 
electrics;  and  it  is  from  its  effects  produced  from  thefe  accumula- 
tions, that  its  exiftence  comes  to  our  knowledge.  And  may  not  the 
production  of  fire  by  friction,  in  fubftances  which  are  not  electrics, 
be  the  electric  fluid  collected,  and  activity  given  to  it,  fo  as  to  become 
fire  in  a  burning  ftate,  altho'  by  being  non-electrics,  the  fluid  does 
not  adhere  in  a  latent  ftate,  fo  as  to  accumulate  ?  So  that  the  effects 
of  the  electric  fluid,  and  of  fire,  being  the  fame,  as  far  as  our  know- 
ledge goes  in  tracing  them,  there  is  every  reafon  to  fuppofe  that 
they  are  actually  of  one  and  the  fame  quality. 

Now  by  admitting  (as  we  are  led  to  believe  by  modern  difcoveries) 
that  a  fluid  in  the  act  of  freezing  emits  a  quantity  of  fire,  and  im- 
bibes a  like  quantity  in  the  act  of  thawing,  and  that  the  electric 
fluid  and  the  fluid  of  fire  are  the  fame;  may  we  not  carry  our  con- 
jectures fomewhat  farther,  by  fuppofing  that  the  fire  emitted  from 
the  nightly  freezings  that  take  place  in  the  climates  near  the  poles 
during  the  winter  feafon,  being,  either  from  the  activity  of  the  froft, 
or  from  there  being  no  water  floating  in  the  air  to  attach  itfelf  to, 
driven  into  the  higher  regions,  where  accumulating  from  frequent 
freezings,  it  gathers  activity  from  its  quantity,  upon  the  fame  prin- 
ciple that  lightning  is  produced  in  a  cloud,  and  thus  appearing  in 
fire,  forms  what  is  commonly  called  the  Aurora  Borealis. — "What 
farther  countenances  this  fuppofition  is,  that  as  freezing  takes  place 
more  frequent,  and  by  increafing  becomes  more  general,  in  the  end 
of  autumn  and  beginning  of  winter,  fo  we  find  the  Aurora  Bor-ealis 
to  be  more  abundant  in  this  feafon  than  at  any  other  time  of  the  year. 
Alfo,  upon  account  of  more  freezing  taking  place  upon  the  conti- 
nents, we  fee  it  more  abundant  there  than  upon  the  fea;  and  fince  it 
is  generally  fuppofed  that  there  is  fome  connection  between  the  elec- 
tric and  magnetic  fluids,  may  not  the  revolution  of  the  magnetic  pole 
round  the  pole  of  the  earth  have  fome  connection  with  a  periodical 
return  of  the  Aurora  Borealis? 

As  the  accumulation  of  the  electric  fluid,  in  the  apparatus  of  an 
electrical  machine,  is  found  to  be  drawn  from  the  ncarefc  folid  fub- 
ftances of  whatever  kind,  with  which  it  communicates,  it  may  be 
readily  fuppofed,  that  it  in  fome  degree  adheres  univerfally  to  all 
fubftances;  therefore  as  fuch,  may  it  not  be  fuppofed  to  form 
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that  repelling  force  or  quality,  which  by  reaching  to  an  extreme 
fmall  diftance  from  the  furface,  commonly  hinders  the  fmaller 
parts  of  matter  from  uniting,  fuch  as  the  caufe  why  a  drop 
of  water  or  other  fluid,  which  we  plainly  fee  will  not  of  itfelf 
fpread  along  a  dry  plain,  and  two  drops,  though  placed  ever 
fo  near  e*ach  other,  yet  they  will  not  unite  until  they  be  made 
to  touch  :  and  that  it  is  fome  principle  which  hinders  them  from 
uniting,  is  plain  from  their  readily  uniting  and  running  together, 
forming  one  drop,  the  inftant  this  principle  is  removed  by  their 
touching :  now  it  is  plain,  that  this  repelling  principle  lies  only  on 
the  furface  of  fubftances,  becaufe  it  is  more  confpicuous  in  the  fmall 
parts  of  matter  than  in  the  great,  which  muft  be  owing  to  the  great- 
er proportional  furface  in  the  former;  for,  a  very  fmall  needle,  well 
rubbed  and  dry,  we  are  told,  will  float  uppn  the  furface  of  water, 
notwithstanding  the  great  difference  in  fpecific  gravity;  and  this 
floating  of  the  needle  may  be  evidently  feen  to  be  caufed  by  an  At- 
mofphere,  as  above  fuggefted,  (or  of  fome  fuch  property)  furround- 
ing  it,  which,  by  repelling  the  water  to  a  certain.diftance,  difplaces 
fo  much  of  it  as  to  exceed  the  fpecific  gravity  of  the  needle;  where- 
as a  piece  of  fteel  of  the  fame  quality,  either  larger  or  of  a  more 
compact  form,  will  immediately  fink,  becaufe  its  furface  being  fo 
m.uch  lefs  than  that  of  the  needle  in  proportion  to  the  quantity  of 
matter  in  each,  and  the  repelling  quality  reaching  only  to  the  fame 
diftance.  in  each,  the  quantity  of  water  difplaced  by  it  in  the  larger 
fubflance,  will  be  too  fmall  to  make  up  the  difference  in  fpecific 
gravity. 

It  is  found,  that  heat  increafes  this  repelling  quality  as  above  de- 
fcribed,  and  that  the  heat  generated  by  rubbing  increafes  it  more 
than  that  communicated  any  other  way;  which  evidently  amounts 
to  a  prefumptive  proof  of  its  being  an  electric  property  ;  and  it  is 
from  the  above  considerations,  that,  in  difcufling  the  following  fub- 
•-  have  adopted  the  theory,  that  the  electric  fluid  by  forming 
an  Atmofphere  Around  each  of  the  particles,  or  fmall  globules  of 
water,  that  compofe  a  cloud,  is  the  repelling  property  which  hin- 
ders them  from  uniting  together  in  one  mafs.  This  electric  At- 
mofphere alfo  preferves  them  from  the  influence  of  the  froft,  fo 
that  thefe  globules  of  water  may  be  frequently  feen  floating  in  a 
fluid  ftntc,  in  a  cold  below  freezing;  but  then  the  moment  they 
c  touch 
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touch  any  thing  by  which  the  electric  Atmofpere  is  broke,  they  in- 
ftantly  freeze;  and  from  the  fame  caufe  water  lying  perfectly  ftill 
and  undifturbed,  is  found  to  refift  the  froft  for  a  confiderable  time; 
but  the  inftant  the  electric  Atmofphere  upon  its  furface  is  broke  by 
difturbing  it,  the  froft  takes  effect.  And  may  it  not  be  from  the 
electric  fluid  adhering  to,  and  being  carried  away^by  the  fteam 
continually  rifing  from  the  furface  of  heated  water,  that  in  cooling, 
the  froft  fo  foon  takes  effect  upon  it? 
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ATMOSPHERE. 


J.  HE  compofition  and  properties  of  the  Atmofphere,  with  the  va- 
rious appearances  that  are  exhibited  in  it,  are  fubje&s  that  have 
engaged  the  attention  of  Philofophers  in  all  ages  ;  and  many  are 
the  fuppofitions  and  theories  that  have  been  advanced  concerning 
them,  which  from  their  variety,  and  the  infuperable  difficulty  (be- 
caufe  of  their  extreme  fubtilty)  of  ascertaining  their  eflences  and 
properties  by  experiment,  plainly  difcover  the  full  attainment 
of  this  fubje£t  to  lie  as  yet  beyond  the  reach  of  human  knowledge. 
However,  late  years  have  thrown  a  confiderable  degree  of  light 
upon  this  intricate  fubject,  from  a  number  of  experiments  made  by 
various  perfons,  from  which  it  is  found  that  the  Atmofphere  con- 
tains (be fides  elementary  air)  particles  of  every  fubftance  we  know- 
in  nature,  and  probably  of  fubftances  we  know  little  or  nothing 
about,  and  that  even  elementary  air  is  found  to  be  of  various  kinds 
or  qualities,  and  to  be  produced  from  folid  fubftances  of  almoft 
every  fort  by  their  decompofition ;  from  which  it  appears,  that  this 
nir  muft  form  fome  part  or  property  in  thefe  fubftances  while  in 
their  folid  (late,  and  as  fuch  may  be  then  confidered  as  part  of  them  ; 
fo  that  it  is  only  when  let  loofe  and  floating  by  its  elafticity,  that 
with  propriety  it  can  be  called  air. 

From  thefe  circuinftances,  and  from  the  yielding  property  of  its 

parts, 
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parts,  the  Atmofphere  is  found  to  be  a  fubtle  fluid,  confifling  of  an 
heterogeneous  mafs  of  various  fubftances,  endued  with  an  aftoniming 
elafticity,  from  which  it  is  capable  of  a  degree  of  compreflion  be- 
yond what  we  know,  and  of  an  expanfion  proportionate  to  that, 
which  is  fo  great,  that  if  the  weight  of  the  incumbent  Atmofphere 
was  taken  from  off  any  finull  quantity  of  it,  this  fmall  quantity 
would  diffufe  itfelf  fo  as  to  occupy  a  fpace  almoft  infinite  to  what  it 
did  before ;  therefore,  on  account  of  this  elaftic  quality,  that  part 
which  lies  neareft  the  furface  of  the  earth  muft  be  the  denfeft,  by  the 
compreflion  it  receives  from  the  weight  of  the  upper  parts  lying 
upon  it ;  confequently  the  higher  the  kfs  muft  be  its  denfity,  becaufe 
of  the  lefs  quantity  and  incumbent  weight  ;  from  which  it  appears, 
that  as  the  weight  or  preflure  is  lefs,  Co  from  its  elafticity  the  great- 
er will  be  the  expanfion  and  the  fpace  it  occupies;  in  fo  much,  that 
in  the  upper  part  of  the  Atmofphere,  its  expanfion  and  the  fpace  oc- 
cupied by  it  will  be  almoft  unbounded. 

From  this  elaftic  quality  of  the  Atmofphere  it  will  be  evident, 
that  where  half  the  preiTure  is  removed,  the  expanfion  and  fpace  oc- 
cupied by  it  will  be  double,  which  proportion  of  expanfion  to  the  de- 
creafe  of  preflure  holds  good,  with  but  little  variation,  from  the  fur- 
face  of  the  earth  upwards;  fo  that  the  middle  line,  where  half  the 
preflure  of  the  whole  Atmofphens  takes  plnce,  muft  be  but  a  fmall 
proportional  part  of  its  whole  height  above  the  furface  of  the  earth > 
accordingly,  the  experiments  that  hav.  !•_>  for  afcertaining 

this  line,  places  it  at  nearly  3  {-  Englifli  miles  above  the  level  of  the 
fea;  fo  that    one  half  of  the  Atmofphere  lies  below  this   line   of 
height  a,  and  the  other  hr.lf  above  it.  therefore  as  the  denfity  of  the 
Atrnofpheve   at    3 }    miles    perpendicular  height   is    decreafed  one 
half,  it  will  be  only  one  fourth  at  7  miles,  one  eighth  at  joj-  miles, 
and  one  fixteentli  at  14  miles,  and  fp  on,  the.  denfity  decreafing  in  a 
geometrical  proportion  as  the  altitude  increafes  in  an  arithmetical  one. 
The  elafticity  of. the  Atmofphere  is  confiderably  increafed  by  heat, 
'  the  fame  proportion  dinnnifhed  by  cold,  and  although  the 
'ty  be  great  in  the  whole,  yet  each  fubftance  and  air  thatcom- 
pofe  the  Atmofphere  is  po  fie  fled  of  it  in  a  different  degree,  fome  of 
them  being  much  mere  chftio  than  ethers  ;  alfo  heat  increafes  the 
elafticity  of  fome  fubftances  a  conficlcrable  degree  more  than  it  does 

Since 


L  i53 

Since  heat  has  the  property  of  expanding^he  Atrnofphere,  it 
hence  follows,  that  where  an  extraordinary  degree  of  it  happens, 
the  Atmofphere  in  that  place  by  being  expanded  or  rarified  by  it, 
will  occupy  more  fpace,  and  confequently  become  of  lefs  weight  or 
fpecific  gravity,  by  which  means  the  heavier  Atmofphere  near  it  will 
be  put  in  motion  by  its  fuperior  weight,  and  rufli  toward  the  lighter 
in  order  to  reflore  the  equilibrium ;  and  from  a  well  known  general 
law  in  nature,  that  a  body  in  motion  perfeveres  in  that  ftate  until 
from  fome  outward  influence  it  is  led  to  change  it,  this  rufhing  in 
of  the  denfe  Atmofphere  will  not  ceafe  when  the  equilibrium  is  ob- 
tained, but  continue  until  its  force  is  overcome  by  the  weight  of  an 
accumulation.  This  rufhing  of  heavier  Atmofphere  toward  the  light- 
er, with  every  other  motion  in  it,  from  whatever  caufe,  is  what  we 
commonly  call  wind — the  caufes,  circulations,  and  properties  of 
which,  is  the  fubject  of  the  following  enquiry. 

As  the  expanfion  by  heat  is  different 'in  different  fubftances,  a 
greater  expanfion  muft  neceffarily  take  place  where  thefe  fubftances 
predominate  that  are  mofl  fufceptible  of  it,  caufing  there  a  greater 
difference  in  denfity  by  the  fame  degree  of  heat  than  otherwife 
would  be  from  fubftances  of  lefs  -expanfion,  producing  thereby  a 
quicker  motion  in  the  rufhing  in  of  the  denfer  Atmofphere  to  reftore 
the  equilibrium,  and  thus,  where  this  happens,  make  a  difference  in 
the  ftrength  of  the  wind.  But  as 'the  difference  of  expanfion  from 
heat,  with  refpect  to  different  fubftances,  bears  but  a  very  fmall  pro- 
portion to  the  general  expanfion  of  the  whole,  and  as  they  are  never 
found  feparate,  but  always  blended  together  in  the  Atmofphere,  and 
as  thcfe  fubftances  (water  excepted)  which  feparately  compofe  the  At-  . 
mofphere  (from  their  fubtilty,  and  being  fo  intimately  mixed)  are  but 
imperfectly  known  ;  I  fhall  take  no  notice  here  of  that  part  of  the 
fubject,  but  leave  it  to  future  inveftigations  and  difcoveries,  and 
content  myfelf  with — firft,  treating  of  the  Atmofphere  in  general  as 
it  is  expanded  by  heat,  with  the  motion  or  winds  produced  in  it 
thereby,  together  \vith  the  other  properties  it  is  found  to  poffefs; 
and  afterwards  of  water,  as  it  exifts  in -the  Atmofphere,  under  van- 
nous  appearances,  with  its  properties,  and  the  effects  produced  by 
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OF  THE  ATMOSPHERE  IN  GENERAL: 

Of  Heat  and  Cold  in  it— Cause  of  tie  Trade  Winds— Of  the  Sea  and 
Land  Breeze  fy  with  the  Effecl  these  Winds  have  upon  each  other — 
And  of  the  Circulation  of  the  Atmosphere,  in  variable  Winds t  over  the 
Oceans  and  the  Continents  bordering  it. 


JL  HERE,  is  no  doubt  but  partial  heats  are  produced  upon  the  fur- 
face  of  ±he  earth,  from  fubterraneous  and  various  other  catffcs;  but 
thefe  are  altogether  infignificant,  when  compared  to  the  heat  of  the 
fun,  which  is  certainly  the  mod  univerfal  in  nature,  producing,  by 
his  prefence  and  sbfence,  the  viciflitude  of  day  and  night,  the  alter- 
nate fucceflion  of  fummer  and  winter,  in  the  Temperate  and  Frigid 
Zones:  and  from  his  perpendicular  fituation,  caufes  perpetual  fum- 
mer in  the  Equatorial  climates:  is  the  caufe  of  the  variety  of  the  fea- 
fons,  in  all  parts  of  the  earth,  and  is  the  fupport,  comfort,  and  nou- 
rifhment  of  animal  and  vegetable  life:  in  accomplishing  all  which,  he 
muft  have  the  greateft  effect  upon  the  Atmofphere,  by  rarifying  it, 
efpecially  near  the  furface  of  the  earth,  and  more  particularly  thofe 
parts  which  lie  more  immediately  under  his  direct  rays,  becaufe  it 
is  there  the  greateft  quantity  of  rays  flrike  in  the  leaft  fpace,  produc- 
ing in  proportion  a  greater  heat;  which  being  imbibed  by  this  fur- 
face,  part  of  it  is  from  thence  communicated  to  the  Atmofphere  in 
contact,  which,  from  its  greater  denfity  and  contiguity,  receives 
and  retains  a  greater  quantity  of  heat  than  that  at  a  greater  cliftance 
and  elevation., 

The  Sun's  rays  muft  communicate  heat  to  the  Atmofphere,  upon 
pafling  through  it;  but  as  the  heat  communicated  by  the  fun  to  any 
fubftance,  is  in  proportion  to  the  quantity  of  rays  intercepted  and 
retained,  (for  thofe  rays  that  are  either  reflected  by  a  body,  or  pafs 
through  by  its  tranfparency,  carry  the  greater  part,  if  not  the  whole 
of  their  heat  along  with  them);  therefore  as  the  Atmofphere  admits 
great  part  of  the  fun's  rays  to  pafs  through  it,  the  heat  it  receives  is 

only 
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only  from  thofe  rays  it  intercepts,  nearly  the  whole  of  which  muft 
be  in  the  lower  regions,  becaufe  of  its  greater  denfity,  and  of  the 
vapour  floating  there;  which,  together  with  the  hent  it  receives  by 
communication,  and  reflection  from  the  furface  of  the  earth,  muft 
make  the  greateft  heat  in  the  lower  regions  of  the  Atmofphere  to  be 
near  that  furface.  Indeed  it  oft  happens,  that  the  clouds  intercept 
the  greater  part  of  the  fun's  rays,  in  which  cafe  they  will  then  re- 
ceive more  heat  than  the  furface  of  the  earth  lying  underneath  them. 
But  in  the  higher  regions  of  the  Atmofphere,  from  its  tranfparency, 
tind  no  vapour  floating  there,  and  alfo  from  the  great  expansion  or 
rarification  intercepting  but  very  few  of  the  fun's  rays,  the  heat  re- 
ceived will  be  but  trifling  indeed. 

As  one  Hemifphere  of  the  earth  is  conftantly  enlightened  by  the 
fun,  and  as  the  rays  ftrike  it  in  lines  parallel  to  each  other,  the 
quantity  of  rays,  with  the  heat  communicated  by  them  to  any  part 
of  the  furface  of  this  Hemifphere,  will  from  its  circular  form  be  as 
the  co-fine  of  the  diftance,  as  it  increafes  from  the  central  point 
where  the  rays  ftrike  perpendicular,  to  the  utmoft  verge  of  the  cir- 
cle that  bounds  it ;  and  as  the  Poles  are  in  this  circle,  when  the  fun 
is  in  the  Equator,  therefore  by  calling  the  fun's  direct  rays,  with  the 
heat  communicated  by  them,  radius,  the  quantity  of  rays,  with 
their  heat,  incident  upon  an  equal  fpace  of  furface,  in  each  latitude 
under  the  meridian  the  fun  is  in,  will  be  as  the  co-fine  of  that  latitude, 
thus  decreafing^in  a  circular  proportion  to  nothing  at  the  Poles,  as 
the  fine  complement  of  the  latitude  is  decreafed  from  radius;  or  as 
the  angle  decreafes  in  which  the  fun's  rays  ftrike  the  horizon. 

The  greateft  heat  in  the  Atmofphere  being  near  the  furface  of 
the  earth,  it  is  from  thence  found  to  decreafe,  as  the  altitude  in- 
creafes, until  at  a  certain  elevation  the  temperature  arrives  at  freez- 
ing. This,  befides.  the  teftimony  of  aerial  voyagers,  is  confirmed 
by  the  cold  being  found  to  increafe  on  afcending  high  mountains* 
until  at  laii  thofe  of  an  extraordinary  height  are  found  covered  with 
fnow.  Now  as  the  earth  receives  the  greateft  heat  in  the  Equatorial 
climates,  becaufe  of  the  fun's  rays  being  perpendicular,  the  freezing 
temperature  muft  there  be  removed  to  the  greateft  height,  which 
from  the  teftimony  of  the  Mathematicians,  who  went  to  meafure  a 
degree  of  the  meridian  in  the  province  of  Quito,  in  South  America, 
this  heighth  was  found  there  to  be  about  2410  Englifli  fathoms,  or 

nearly 
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nearly  2|  Englifh  miles  above  the  level  of  the  fea  ;  therefore, 
fince  the  greater  part  of  the  Atmofphere  lies  above  this  height,  all  of 
which  we  have  reafon  to  believe  is  in  a  cold  frofty  (late,  together 
with  what  we  obferve  of  the  increafe  of  cold  toward  the  Poles,  it  ap- 
pears, that  the  far  greater  part  of  the  Atmofphere  furrounding  our 
earth  is  in  a  continued  ftate  of  'cold,  exceeding  that  of  freezing; 
and  only  a  fmall  part  lying  near  tfye  furface  that  enjoys  a  warm  tem- 
perature. 

The  height  of  this  temperate  warmth  being,  as  thefe  Mathemati- 
cians 'ftate,  at  2 1  Englifli  miles  above  the  level  of  the  fea  at  the 
Equator,  it  hence  follows,  that  if  the  whole  Atmofphere  was  at 
reft,  and  no  winds  or  other  caufe  to  agitate  and  difturb  it,  when  the 
fun  was  in  the  Equator,  the  height  of  the  temperate  warmth  would 
from  thence  decreafe  in  elevatidn  toward  the  Poles,  in  the  fame 
proportion  as  the  effect  of  the  fun's  rays  upon  the  furface  of  the 
earth  diminifhes,  or  which  is  the  lame,  as  the  angle  in  which  thefe 
rays  ftrike  the  horizon  decreafes  from  a  right  one.  But  from  the 
agitation  caufed  in  the  Atmofphere  from  winds,  thefe  limits  of  the 
temperate  warmth  become  very  unequal  and  fluctuating.  At  the 
Equator,  this  fluctuation,  by  the  report  of  the  above-mentioned 
Mathematicians,  appears  to  be  but  very  little,  and  from  thence 
increafing,  it  becomes  very  great  toward  the  Poles;  being  in  the 
firft  place,  caufed  there  by  the  warm  Atmofphere  being  fometimes 
driven  into  the  cold  regions,  by  violent  gufts  of  wind,  more  efpe- 
cially  upon  the  furface  of  the  fea,  becaufe  of  the  evennefs  of  that 
furface  offering  lefs  impediment  to  its  progrefs,  and  from  the  greater 
warmth  of  the  fea  affifting  the  warmth  of  the  wind;  but  again  upon 
the  other  hand,  the  cold  Atmofphere,  on  account  of  the  fuperior 
weight,  incroaches  more,  and  is  more  frequently  driven  into  the 
vrarm  climates,  than  the  warm  Atmofphere  is  into  the  cold,  particu- 
larly upon  tlie  land;  becaufe  of  more  ccM. being  imbibed  and  retain- 
ed by  it,  than  is  by  the  fea.  It  alfo  happens,  that  cold  Atmof- 
phere rufhes  into  a  warm  climate,  along  the  furface  of  the  earth, 
carry'.:-  ;  with  it;  while  higher  up,  the  Atmofphere 

over;:  .\:mperave  warmth;  from  which  it  may  be  iccn,  that 

the  temperature   of  the  Atmofphere,  upon  the  borders  of  the  Polar 
Frozen  Regions,  is  very  fluctuating  and  uncertain. 

But  .  ..vion  of  the  temperature  of  the  Atmofphere  is  ftill 


C  19  3 

more  increafed,  by  the  great  difference  in  the  fun's  declination;  for 
when  the  fun  is  at  his  fartheft  declination,  in  the  oppofite  Hemif- 
phere,  the  cold,  increafing  round  the  Pole  as  the  fun  recedes, 
fpreads  to  a  confiderable  diftance  from  it,  and  incroaches  upon  the 
warm  climates  in  many  places,  more  in  proportion  than  the  fun 
recedes;  thereby  fhortening  the  extent -of  the  temperate  regions 
there,  and  decreafing  its  height,  in  proportion;  from  which  caufe 
we  find,  that  the  clouds  in  winter  float  at  a  lefs  height  than  they  do 
in  fummer. 

As  cold  can  be  produced  artificially,  that  may  be  afligned  as  part 
of  the  reafon  of  its  great  and  rapid  increafe  by  the  fun's  abfence, 
particularly  upon  the  land;  for  although  the  prefence  and  abfence 
of  the  fun  be  the  great  and  principal  caufe  of  the  general  heat  and 
cold,  both  in  the  Atmofphere,  and  upon  the  furface  of  the  earth, 
yet  it  is  found,  that  cold,  when  accumulated  in  any  particular 
place,  will,  by  its  own  adlion  or  force,  increafe  in  a  greater  pro- 
portion than  the  accumulation  does: — for  example,  a  quantity  of4 
ice  collected  in  a  compact  form,  in  an  ice-houfe,  will  be  poflefled 
of  more  than  double  the  cold,  and  preferve  that  cold  more  than 
double  the  time,  that  half  the  quantity  in  the  fame  form  will  do, 
in  an  equal  temperature  of  warmth;  and  the  greater  the  quantity  of 
ice  that  is  collected  together,  the  more  the  cold  will  be,  over  and 
above  the  proportion  of  that  quantity;  in  fo  much,  that  a  quantity 
of  ice  may  be  increafed  in  magnitude,  fufEcient  to  overcome  the  in- 
fluence of  a  calm  Atmofphere,  whofe  temperature  is  feveral  degrees 
above  that  of  freezing;  and  inftead  of  the  Atmofphere  thawing  the 
ice,  the  ice,  from  its  accumulation,  would  reduce  the  Atmofphere  to 
a  freezing  temperature,  for  fome  diftance  round,  without  lofing  any 
of  its  own  cold;  or  if  it  loft  fome  of  its  cold,  upon  firft  communicat- 
ing with  the  Atmofphere,  it  would  foon  regain  it,  by  its  own  a£Hve 
force.  From  this  circumftance,  the  cold  round  the  Poles,  in  addi- 
tion to  its  increafe  by  the  abfence  of  the  fun,  will  be  farther  increaf- 
ed, from  the  accumulation  of  the  quantity  of  ice  and  fnow  lying 
there,  fo  that  the  cold  in  the  lower  regions  there,  moft  probably  ex- 
ceeds that  in  the  higher.  Indeed  from  the  Aurora  Borealis  and 
Auftralis,  it  would  appear,  that  the  cold  in  the  higher  regions, 
near  the  Poles,  is  not  fo  great  as  at  firft  might  be  imagined;  while 
low  down,  the  cold  will  be  the  more  intenfe,  from  the  quantity  of 
fubftance  it  has  to  a£t  upon  and  fupport  it. 

It 


L    20    ] 

It  is  found,  that  in  the  fouthcrn  I Icmifpliere,  the  cold,  with  it-. 
froft,  extends  to  a  greater  cliftance  from  the  Pole,  than  itdoesintlie 
northern,  which  leads  many  to  fuppofe,  that  there  is  a  continent 
lying  under  the  fouth  polar  regions.  If  this  is  actually  the  cafe,  a 
far  greater  quantity  of  fnow  and  ice  will  be  collected  there,  than  i- 
in  the  north  polar  regions,  which  will  account  for  the  extra  cold 
round  the  fouth  Pole,  above  that  round  the  north;  for  the  latter  is 
known  to  have  a  great  deal  of  fpace,  confiding  of  fca,  which  does 
not  imbibe  nctir  the  cold  the  land  does. 

It  Hath  already  been  obfervcd,  that  wherever  the  Atmofphere  is 
rarified  by  heat,  the  nearefc  ( denfe  or  colder  Atmofphere  is  imme- 
diately put  in  motion  by  its  weight,  and  rufhes  in  a  current  toward 
the  lighter  or  warmer  Atmofphere,  in  order  to  reftore  the  equilibri- 
um, where  it  commonly  difplaccs  the  lighter  and  warmer  Atmof- 
phere, and  obliges  it  to  float  higher  up.  This  may  be  exemplified 
by  the  following  experiments  : — Let  two  vents,  communicating  with 
the  external  Atmofphere,  be  made  in  a  room,  the  one  clofe  up  to 
the  ceiling,  and  the  other  low  down  near  the  floor  ;  each  being 
large  enough  to  admit  a  fufficiency  of  Atmofphere  to  fupply  the  dif- 
charge  of  the  chimney.  Now  the  door  being;  {hut,  and  every  vent 
being  clofe  ftopt,  excepting  the  chimney  and  the  two  vents  above- 
mentioned  ;  if  in  cold  weather  the  room  is  warmed  by  a  fire,  the 
Atmofphere  will  be  found  to  rum  in  with  great  force  through  the 
lower  vent,  while  little  or  none  will  come  in  at  the  upper ;  and  if 
the  vents  be  each  larger  than  is  fufiicient  to  fupply  the  difcharge  of 
the  chimney,  a  flow  current  will  be  found  moving  out  through  the 
upper  vent.  Again,  let  the  chimney  vent  be  ftopt,  and  the  room 
warmed  by  a  flove,  the  cold  Atmofphere  will  rufh  in  at  the  lower 
.vent  as  before,  and  will  force  the  warm  Atmofphere  in  the  room, 
from  its  being  lighter,  to  rufh  with  the  fame  velocity  out  through 
the  upper  one  ;  and  t3ie  warmer  the  room  is  made,  the  quicker 
this  circulation  will  be  carried  on:  It  will  alfo  be  accelerated  from 
the  difference  in  height  between  the  vents  being  increafed,  on  ac- 
count of  the  difference  in  the  preffure  of  the  Atmofphere  upon  each. 
This  experiment  may  be  alfo  tried,  and  in  frcfly  weather  will  be 
found  in  fome  meafure  to  fucceed,  by  applying  a  lighted  candle  to 
the  upper  and  lower  parts  of  the  opening  of  a  room  door,  when  s- 
bout  two  or  three  inches  diftant  from  the  door  cheek. 

After 
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After  the  fame  manner,  are  motions  excited  in  the  Atmofpliere, 
from  the  effects  of  heat  and  cold,  or  difference  of  temperature,  ex- 
ifting  in  different  places;  from  whence,  as  already  mentioned,  arifes 
one  of  the  principal  caufes  of  winds.  For  fince  the  Atmofphere, 
directly  underneath  the  fun,  receives  in  the  lower  regions  a  greater 
quantity  of  heat,  than  that  at  a  diftance,  it  will  be  accordingly  more 
expanded,  and  by  occupying  a  greater  fpace,  will  elevate  the  co- . 
lumn  there  to  a  greater  height.  This  greater  rarification  in  the 
lower  regions  will  induce  the  neighbouring  cooler  Atmofpliere  from 
its  fuperior  weight  to  move  toward  this  rarer,  in  order  to  reftore  the 
equilibrium  ;  and  by  obliging  the  rarer  and  lighter  Atmofphere  to 
give  place  to  it,  and  float  higher,  will  elevate  the  column  ftill  more, 
which  from  its  fuperior  height  will  defcend  by  its  gravity  toward 
the  vacancy  made  by  the  finking  down  of  the  Atmofphere,  to  fill 
the  fpace  left  by  the  removal  of  the  denfe  toward  the  rarer  Atmof- 
phere below  ;  and  thus  a  circulation  will  be  carried  on  of  the  colder 
Atmofphere  in  the  lower  region  flowing  toward  the  warmer,  and 
the  contrary  in  the  higher. 

But  as  the  diurnal  motion  of  the  earth  caufes  the  fun's  perpendi- 
cular rays  incident  upon  its  furface  to  be  continually  fhifting  their 
place  from  Baft  to  "Weft,  the  colder  Atmofphere  in  the  lower  region 
which  moves  in  from  the  Eaft,  toward  where  the  fun's  rays  are  per- 
pendicular, will  have  a  greater  diftance  to  move,  and  confequently 
mud  accelerate  its  motion  toward  overtaking  the  fun;  whereas 
the  motion  of  that  from  the  Weft  is  retarded  by  the  fun's  dire£t  rays 
meeting  it,  by  which  means  the  Atmofphere  from  the  Eaft  from  its 
greater  velocity  will  overcome  that  from  the  Weft,  and  force  it  back 
again  with  a  motion  equal  to  the  difference  of  their  velocities ;  and 
thus  a  we  Hern  motion  having  commenced,  the  fucceffive  impulfes 
it  receives  from  the  fun's  diurnal  motion  will  continue  and  confirm 
it ;  for  if  the  fun,  upon  once  paffing  the  meridian,  produces  from 
the  above  caufe  a  weftern  motion  in  the  Atmofphere,  the  fecond 
time  he  paiTes  will  increafe  that  m'otion,  and  fo  will  the  third,  until 
the  quantity  of  motion  balance  the  caufe  that  produces  it.  Thus 
the  trade-winds,  fo  well  known  in  the  Atlantic  and  Pacific  Oceans, 
may  be  accounted  for  ;  and  this  theory  alfo  agrees  in  every  circum- 
fhwce  with  what  we  obferve  concerning  the  trade-winds;  for  they 
arc  found  to  blow  ftrongeft  near  the  furface  of  the  fen,  bccai 
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effect  of  the  fun's  heat  that  produces  them  is  greateft  there.  They 
are  feebleft«in  the  forenoon,  becaufe  the  greateft  time  has  then  elap- 
fed  fmce  they  received  their  laft  impulfe',  and  the  Atmofphere  Weft 
of  the  fun  will  have  become  denfer  from  the  cold  of  the  preceding 
night,  and  therefore  refift  the  force  of  that  from  the  Eaftward  in 
pufhing  it  on  ;  and  they  blow  ftrongeft  in  the  afternoon,  becaufe 
they  have  then  received  a  frefh  impulfe  from  the  fun  paiTing  the  me- 
ridian ;  and  from  the  rarefication  of  the  Atmofphere  underneath  his 
direct  rays  to  the  Weftward,  that  from  the  Eaftward  is  facilitated  to 
rum  in  for  reftoring  the  equilibrium. 

The  trade -winds  being  produced  by  this  caufe,  it  will  evidently 
appear,  that  if  the  earth  was  covered  with  water,  and  winds  pro- 
duced from  no  other  caufe  than  the  heat  of  the  fun,  that  in  the  lower 
regions  about  the  equator,  the  trade-winds  would  blow  continually 
round  it,  and  that  (agree;ible  to  the  above  theory)  a  wind  would  in 
the  lower  region  proceed  from  the  Poles,  from  being  coldeft  there 
toward  the  equator,  accelerating  its  motion,  and  tending  more  and 
more  to  the  Weftward  as  it  approached,  until  at  laft  it  would  join 
the  trade-winds,  and  finally  proceed  with  them  -,  while  in  the  high- 
er region,  becaufe  of  the  greater  elevation  of  the  column  about  the 
equator,  from  the  greater  heat  there,  and  the  influx  below  of  At- 
mofphere from  the  Poles,  a  motion  would  be  carried  on  by  the  At- 
inofphere  descending  by  its  gravity  through  the  higher  region,  from 
this  greater  elevation  toward  the  Poles,  in  order  to  preferve  the  le- 
vel, and  fupply  the  deficiency  caufed  by  the  Atmofphere  finking 
down  there,  to  fill  the  vacancy  made  by  that  below  moving  toward 
the  equator. 

But  the  circulation  of  the  trade-winds  round  the  earth  is  interrup- 
ted by  the  land  lying  in  its  way,  becaufe  of  its  elevation  above  the 
level  of  the  fea,  and  the  unevennefs  of  its  furface,  which  hinders 
the  current  of  Atmofphere  in  gliding  over  it.  It  is  true,  that  the 
futi's  meridian  heat  is  greater  upon  the  land  than  it  is  upon  the  fea, 
bscaufe  in  the  former  the  fun's  rays  not  penetrating  below  the  fur- 
face,  are  with  their  heat  retained  there,  and  thus  reflect  and  com- 
municate more  of  that  heat  to  the  Atmofphere  contiguous  to  and  in 
contact  with  it ;  and  would  produce  a  ftrong^r  trade-wind  than  that 
upon  the  fea,  provided  the  furface  was  as  fmooth  and  even,  and 
unon  as  low  a  level,  with  a  fufficiency  of  extent  to  propagate  it. — 

But 


But  the  furface  of  the  land,  in  addition  to  its  being  of  a  greater  ele- 
vation, is  compofed  of  vallies  and  hills  lying  in  various  directions, 
the  former  of  which  receives  far  more  heat  than  the  latter  ;  there- 
fore the  expanfion  of  the  Atmofphere  by  heat  being  confined  to  the 
former,  prevents  the  regular  progrefs  of  this  expanfion  moving 
along  with  the  fun,  like  as  it  does  upon  the  fea,  and  of  confequencc 
prevents  that  regular  motion  in  the  Atmofphere  caufed  by  it  upon 
the  latter.  Alfo  thefe  hills  and  vallies,  befides  their  urievennefs, 
are  often  covered  with  woods,  which  from  the  continual  great  pref- 
fure  of  the  incumbent  column  upon  the  furface,  and  the  trade-winds 
reaching  to  but  a  fmall  height,  hinders  by  their  magginefs  its  pro- 
ceeding over  them. 

Again,  in  addition  to  the  above  obftacles  to  the  general  circula- 
tion of  the  trade-winds  round  the  earth,  thofe  upon  the  Atlantic 
Ocean  are  more  effectually  obftru&ed  in  their  further  progrefs,  by 
that  immenfe  ridge  of  high  land  and  mountains  called  the  Andes 
and  Cordilleras,  ftretching  North  and  South  through  the  Continent 
of  America,  which  by  being  of  a  greater  height  than  the  trade- 
winds  blow,  forms  a  complete  bank  or  barrier  to  hinder  their  further 
progrefs  that  way  ;  therefore  the  trade-winds  being  thus  obftru&ed 
by  the  Continent  of  America,  they  return  by  a  circuitous  direction 
to  the  Eaftward,  over  the  North  and  South  Atlantic,  to  the  Conti- 
nents of  Europe  and  Africa  ;  and  as  the  trade-winds  from  the  In- 
dian feas  are  prevented  by  the  Continent  of  Africa  from  proceeding 
from  thence  to  the  Weftward,  this  return  of  the  winds  to  the 
Eaftward  over  the  North  and  South  Atlantic  is  facilitated  and  en- 
couraged to  proceed,  for  the  purpofe  of  fupplying  the  fource  of  the. 
trade-winds,  which  continually  flow  from  the  Continent  of  Africa 
toward  the  Continent  of  America  ;  thus  a  circulation  of  Atmofphere 
on  each  fide  the  equator  is  carried  on  upon  the  Atlantic  Ocean  ;  by 
the  part  which  returns  from  America  to  the  Weft  coaft  of  Europe 
and  N.  "W.  coaft  of  Africa,  forming  the  prevailing  Weft  winds  upon 
the  North  Atlantic,  and  that  which  returns  from  the  South  Ame- 
rican coaft  toward  the  Cape  of  Good  Hope  and  the  Southern  Weft 
coaft  of  Africa  forming  the  prevailing  Weft  winds  in  that  ocean 
upon  the  South  fide. 

That  the  trade-winds  blow  ftrongeft  on  the  furface  of  the  fea,  and. 
from  thence  decreafe  in  ftrength  as  the  altitude  increales,  is  evident 

from 
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from  the  caufes  that  produce  them  ;  for  as  their  'production  is  the 
confequence  of  the  extra  heat  imparted  by  the  fun's  meridian  rays, 
and  as  this  heat  a£ts  chiefly  upon  and  near  the  furface  of  the  earth, 
its  effects  muft  be  greateil  there  ;  therefore  the  trade-winds  being 
produced  by  thefe  eile£ts,  they  confequently  muft  be  ftrongeft  there  ; 
which  is  farther  corroborated  by  their  ftrength  being  found  to  de- 
creafe  upon  afcending  high  mountains;  in  fo  much  fo,  that  the 
clouds  are  continually  feen  reding  during  the  whole  day  upon  the 
tops  of  the  mountains  in  the  Weft  India  Illands  (although  none  of 
thefe  mountains  exceed  three  quarters  of  an  Englifh  mile  in  perpen- 
dicular height)  becaufe  at  that  height  the  wind  hath  not  fufficient 
ftrength  to  overcome  the  attraction  of  the  clouds  to  the  mountains, 
although  at  the  fame  time  it  is  blowing  a  ftrong  gale  upon  the  fur- 
face  of  the  fea  round  their  bafe.  I  have  alfo  among  the  Weft  India 
Iflands  frequently  obferved  the  high  thin  white  clouds  moving  to 
the  Eaftward,  notwithftanding  during  the  fame  time  the  trade- 
winds  below  blew  a  brifk  gale  to  the  Weft  ward  ;  from  all  which  cir- 
cumftances  I  am  led  to  believe,  that  the  trade-winds  feldom  reach 
above  a  mile  in  perpendicular  height,  and  that  at  half  a  mile  high 
they  are  but  very  feeble. 

From  the  tranfparency  of  water,  the  fun's  rays,  incident  upon 
the  furface  of  the  fea,  will  have  part  of  them  reflected  back  through 
the  Atmofphere,  and  another  (perhaps  the  greater)  part  will  pene- 
trate to  a  confiderable  depth  down  through  the  water,  where  by  be- 
ing continually  intercepted  by  the  parts  of  the  water  in  its  progrefs 
downward,  will  at  a  great  depth  be  at  laft  exhaufted ;  and  it  muft 
be  from  this  interception  of  the  fun's  rays  that  the  furfaee  arid  up- 
per parts  of  the  fsa,  in  the  equatorial  climates,  are  found  to  be 
warmer  than  thofe  low  down  ;  therefore  fince  the  furface  of  the 
fea  retains  only  a  fmall  part  of  the  fun's  rays,  with  the  heat  com- 
municated by  them,  the  Atmofphere  upon  it  muft  receive  but  very 
little  of  its  heat  by  reflection  from  the  fea  ;  by  which  it  appears  that 
the  chief  part  of  the  heat  received  by  the  Atmofphere  upon  the  fea 
in  the  equatorial  climates,  muft  be  from  the  fun's  rays  intercepted  by 
it,  and  by  clouds  and  vapour  there ;  which  accounts  for  the  wea- 
ther upon  the  fea  in  thofe  climates  being  lefs  .warm  than  that  upon 
rhe  land.  But  the  temperature  upon  the  fea  being  uniform  every 
where,  the  increafe  of  the  fun's  meridian  heat,  and  its  effect  upon 
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the  particular  place  it  acts  upon  in  his  progrefs  through  his  diurnal 
circuit,  is  from  this  regularity  more  fufceptible  of  giving  motion  to 
the  Atmofphere  in  producing  the  trade-winds,  than  it  is  upon  the 
land,  which  together  with  the  evennefs  of  the  furface,  is  the  reafon 
of  the  trade-winds  being  fo  regular  upon  the  ocean,  where  there  is 
extent  enough  to  produce  them. 

The  land,  from  its  opacity,  reflecting  lefs  of  the  fun's  rays  than 
the  fea,  and  from  its  folidity  of  fubflance  fuffering  none  of  the  rays 
to  penetrate  below  the  furface,  it  therefore  imbibes  and  retains  a 
greater  quantity  of  Leat,  efpecially  in  the  day  time,  when  the  fun 
is  in  or  near  the  meridian,  confequently  it  reflects  and  communi- 
cates more  of  that  heat  to  the  Atmofphere  near  and  in  contact  with 
it,  by  which  means  it  is  more  rarefied  than  the  Atmofphere  Upon  the 
fca,  which  induces  that  upon  the  latter,  from  its  fuperior  weight,  to 
rum  in  upon  the  land,  in  order  to  reftore  the  equilibrium,  conftitut- 
ing  what  failors  call  the  fea  breeze,  which  by  accumulation  elevates 
the  column  to  a  great  height,  where  it  difperfes  in  the  higher  region 
toward  where  it  eafieft  finds  vent.  The  fea  breezes  are  found  to 
blow  ftrongeft  during  the  day,  becaufe  of  the  land  being  then  moft 
heated  by  thefun,  and  to  ceafe  toward  night,  becaufe  then  the  Atmof- 
phere and  furface  of  the  land  turns  cool  by  the  withdrawing  of  the 
fun's  influence.  The  Atmofphere  thus  becoming  as  denfe  or  denfer 
than  that  "pon  the  fea,  hinders  any  further  influx,  and  a  fmall  breeze 
called  the  land-freeze  iffues  from  the  land  to  the  fea.  But  as  the 
night  temperature  upon  the  land  is  feldom  much  below  the  tempe- 
rature at  the  fame  level  upon  the  fea,  the  land  breeze  is  therefore  in 
general  but  very  faint,  unlefs  aflifted  by  fome  other  caufe.  Indeed 
the  land  breeze  is  no  doubt  often  the  effect  of  fome  of  the  accumu- 
lation of  Atmofphere  caufed  by  the  fea  breeze  during  the  day  re- 
turning at  night. 

As  the  fea  breezes  are  caufed  only  by  the  greater  heat  upon  the 
land  above  that  upon  the  fea,  they  can  only  prevail  upon  the  fhore 
and  near  it;  from  thence  their  influence  and  force  muft  decreafe,  as 
the  diftance  from  fhore  increafes,  until  at  laft  they  ceafe  altogether. 
The  ftrength  and  force  of  the  fea  breezes  will  be  greater  in  propor- 
tion to  the  greater  heat  and  extent  of  the  land  that  caufe  them ; — 
and  the  greater  this  force,  the  farther  will  their  influence  reach  from 
the  fhore.  Therefore,  where  the  trade-wmds  come  within  this  in- 
fluence, 
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Hucnce,  they  will  have  a  confiderable  effeft  upon  each  other,  in  pro- 
portion to  their  relative  ftrengths  and  difference  in  directions. — 
Thus,  upon  the  South  fide  of  Jamaica,  and  Hifpaniola,  the  wind 
which  blows  during  the  day  is  compounded  of  the  fea  breeze,  which 
of  itfelf  would  blow  dire£tly  upon  the  land  from  South,  and  of  the 
trade-wind  blowing  from  Eaft,  and  is  therefore  from  S.  E.  and  from 
the  fame  caufe  the  land  breeze  there  blows  from  N.  E.  but  being 
very  feeble,  the  influence  of  the  land-breeze  reaches  very  little  be- 
yond the  fiiore.  In  like  manner,  and  from  the  fame  caufes,  the  fea 
breeze  upon  the  North  fide  of  thefe  Iflands  blows  from  N.  E. 
and  the  land  breeze  from  S.  E.  To  leeward  of  thefe  Iflands,  the  fea 
breeze  a&s  in  oppofition  to  the  trade-winds,  and  where  the  extent  of 
land  is  fulBcient  to  produce  a  ftrong  fea  breeze,  it  often  balances  the 
trade  wind,  producing  a  calm  during  the  heat  of  the  day,  or  by  over- 
coming the  trade-wind,  produces  a  breeze  in  oppofition  to  it ;  and 
upon  the  windward,  or  Eaft  end  of  thefe  Iflands  or  other  lands  in  the 
equatorial  climates,  the  fea  breeze  and  trade-wind  uniting,  blow 
ftrong  during  the  day,  but  turn  feeble  toward  night,  on  account  of 
the  oppofition  from  the  land  breeze. 

Upon  the  coafts  of  large  continents,  where  the  accumulation  of 
heat  is  very  great,  the  fea  breeze  often  overcomes  that  part  of  the 
trade-winds  which  comes  within  its  limits,  more  efpecially  when 
near  the  fhore ;  an  inftance  of  which  is  to  be  found  upon  the  South- 
ern or  Guinea  Coaft  of  Africa,  where  we  find  the  fea  breeze,  from 
its  fuperior  force,  firft  to  affe£t  and  at  laft  overcome  the  trade-wind, 
by  gradually  inclining  it  from  the  N.  W.  direction,  toward  which  it 
blows  upon  the  South  fide  of  that  part  of  the  equator  that  lies  oppo- 
fite  this  coaft,  and  altering  its  courfe,  firft  to  North,  and  from 
thence,  as  it  nears  the  coaft,  to  the  Eaftward,  until  near  to  and  upon 
the  fhore,  where  it  blows  to  the  E.  N.  E.  This  fea  breeze  muft  no 
doubt  be  in  a  great  meafure  caufed  by  the  great  heat  of  the  exten- 
five  country  and  fandy  deferts  in  the  interior,  and  as  thefe  deferts  lie 
in  an  Eaftern  direction  from  this  part  of  the  coaft,  the  lea  breeze 
will  of  confequence  be  drawn  to  the  Eaftward  toward  them.  But 
there  is  another  circumftance  which  no  doubt  gives  additional 
ftrength  to  this  wind,  and  inclines  it  more  to  the  Eaftward  than  o- 
therwife  it  would  be,  which  is,  the  pofition  of  this  coaft,  compared 
with  the  coaft  from  the  Gulf  of  Guinea  to  the  Southward,  toward 
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the  Cape  of  Good  Hope,  as  they  lie  with  refpect  to  the  fupply  of 
Atmofphere  for  carrying  on  the  fouthern  part  of  the  trade-winds. — 
This  fupply  begins  its  motion  upon  the  fea  adjacent  to  the  Cape  of 
Good  Hope,  and  the  coaft  North  from  it,  and  from  thence  proceeds 
with  an  accelerated  velocity,  firft  North,  and  afterwards  tending  to 
the  weftward,  the  farther  it  advances.  Now  the  northern  direction 
of  the  eaftern  part  of  this  wind  being  nearly  in  a  direction  toward  the 
face  of  the  more  between  Cape  Palmas  and  the  Gulf  of  Guinea,  it 
as  it  were  preffes  the  Atmofphere  upon  this  coaft,  which,  with  the 
fea  breeze  at  the  fame  time  drawing  it  in,  muft  necefiarily, 
by  increafing  this  preffure,  caufe  an  accumulation  of  the  Atmof- 
phere upon  it,  which  from  the  eaftern  inclination  of  the  fea  breeze, 
will  find  vent  by  difcharging  itfelf  to  the  eaftward,  in  order  to  fup- 
ply the  deficiency  caufed  by  the  drain  of  Atmofphere,  carried  away 
from  out  of  the  Gulf  of  Guinea  by  the  trade-wind  ;  for  the  Gulf  of 
Guinea  lying  fo  far  North  with  refpect  to  the  coaft  to  the  weftward 
of  it,  makes  it  difficult  for  a  fupply  to  come  from  the  fouthward 
upon  it,  becaufe  of  the  conftant  drain  to  the  Mreftward,  from  thefe 
fouthern  coafts  preventing  this  fupply  proceeding  North,  together 
with  the  diftance  it  has  to  proceed  ;  therefore  the  fea  breeze  and  in- 
flux of  Atmofphere  upon  this  South  coaft  is  facilitated  in  its  courfe 
to  the  eaftward  for  fupplying  this  drain,  juft  upon  the  fame  princi- 
ple that  we  fee  a  ftream  pafling  through  one  fide  of  a  pond  produce 
a  returning  eddy  in  the  other. 

Many  more  inftances  of  the  fea  breeze  overcoming  the  trade-winds 
may  be  found  in  different  parts  of  the  world,  particularly  in  the 
Eaft  Indies,  where,  from  the  vaft  extent  of  continent  (the  fouthern 
coafts  of  which  reaching  near  the  equator  the  more  readily  produce 
fea  breezes)  and  from  great  and  numerous  iilands  in  the  Indian  feas, 
and  between  them  and  the  Pacific  Ocean,  the  fea  breezes  of  which, 
with  thofe  of  the  continents  in  many  places,  alter  and  overcome  the 
trade-winds  that  come  within  their  influence,  in  proportion  to  their 
feveral  pofitions  and  fituations,  according  to  the  degrees  of  heat 
they  receive  from  the  fun  in  the  different  feafons  of  the  year  ;  all  of 
which  directions  of  trade-winds,  as  acted  upon  by  fea  breezes,  may 
be  readily  accounted  for  by  the  foregoing  theory.  But  having  never 
been  in  thofe  feas,  I  mail  leave  the  description  of  the  winds  in  them 
to  thofe  more  converf^nt  with,  and  of  more  ability  to  explain  them  ; 
F,  contenting 
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contenting  myfelf  at  prefcnt  \vith  obfcrving,  that  the  variety  caufcd 
in  the  direction  of  the  winds  in  thofe  feas  by  the  influence  of  the  fen. 
breezes  there,  mult  be  a  very  material  hindrance  to  the  general  cir- 
culation of  the  trade-winds  round  the  earth,  by  diverting  them  from 
their  original  weflern  direction  ;,  in  fo  much  fo,  that  upon  the  Edt 
coafl  of  Africa  they  are  fo  enfeebled,  and  their  direction  fo 
altered,  that  they  a£t  but  with  little  force,  and  make  little  or  no  ef- 
fort to  overcome  the  obftruction  they  meet  with  from  that  conti- 
nent, in  their  farther  progrefs  to  the  weftward  j  by  which  means 
the  trade-winds  generated  upon  the  Atlantic  Ocean  are  left  at  free 
liberty  to  carry  on  their  circulation  there. 

In  the  above  theory  of  the  trade-winds  it  is  to  be  obferved,  that  as 
they  have  their  origin  and  direction  from  the  diurnal  motion  and 
immediate  influence  of  the  fun,  and  as  that  influence  is  greateft 
where  his  rays  are  perpendicular,  it  muft  therefore  vary  with  his 
declination.  Thus  we  find,  that  when  the  fun  hath  a  South  decli- 
nation, the  trade-winds  South  of  .the  Equator  have  their  direction, 
more  to  the  weftward,  and  thofe  North  of  the  Equator  more  to  the 
fouthward,  and-  that  the  contrary  takes  place  when  the  fun  hath  a 
North  declination,  by  the  fouthern  trade-winds  blowing  more  to  the 
northward,  and  the  northern  trade-winds  more  to  the  weftward. — 
Alfo  the  fea  breezes  are  always  ftrongeft,  and  incline  toward  where 
the  fun  is  vertical ;  fo  that  it  evidently  appears,  that  agreeable  to  the 
theory  of  the  Atmofphere  in  the  lower  region  always  moving  toward 
where  the  greateft  heat  is,  fo  the  winds  are  found  always  to  tend 
toward  where  the  fun  is  vertical,  becaufe  of  the  greateft  heat  being 
there  ;  and  upon  thefe  and  the  foregoing  principles,  may  all  the  ccn- 
ftant  and  periodical  winds  in  the  Torrid  Zone  and  near  it  be  ac- 
counted for  ;  obferving  always,  that  the  land  there  receives  more  heat 
than  the  fea,  and  lofes  that  heat  fooner. 

Having  thus  explained  the  caufe  of  the  trade  winds  and  fea 
breezes,  with  their  effects  upon  each  other,  as  they  are  found  to  tak« 
place  between  the  Tropics,  I  mall  now  proceed  to  defcribe  the  cir- 
culation of  the  Atmofphere  caufed  by  thefe  winds  upon  the  Atlantic 
Ocean  and  the  coafts  bordering  it ;  more  particularly  thofe  parts 
which  lie  North  of  the  Equator  ;  becaufe  being  molt  frequented, 
they  are  better  known,  and  confequently  of  greater  confideration. 

The  fupply  of  Atmofphere  for  the  northern  part  of  the'trade- 
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ttinds  generally  begins  its  motion  upon  the  fens' adjacent  to  the  ifland 
of  Madeira,  between  it  and  the  Straits  Mouth,  and  along  the  coaft  of 
Africa  South  of  thefe  5  from  thence  it  proceeds  S.  W.  toward  the 
Canary  Iflands,  where,  and  upon  the  adjacent  fea,  the  winds  becom- 
ing conftant  and  ileady,  are  denominated  the  trade-winds-,  from 
thence  they  continue  proceeding  S.  W.  until  they  join  the  S.  E. 
trade-winds  from  upon  the  Equator  to  about  the  latitude  of  10  North, 
according  to  the  fun's  declination,  the  joining  being  to  the  fouthward 
with  South  declination,  and  to  the  northward  with  North.  After 
joining,  they  proceed  together  Weft  for  the  Weft  Indies. 

Along  the  N.  W.  coaft  of  Africa,  the  wind  near  the  more  pro- 
ceeds from  Cape  Bajadore  S.  S.  W.  along  the  coaft,  to  Cape  Verd, 
being  induced  to  blow  in  this  direction  in  order  to  fupply  the  defici- 
ency caufed  by  the  drain  of  Atmofphere  carried  to  the  weftward 
from  off  the  coaft  to  the  northward  of  Cape  Palmas.  But  as  the 
coaft  to  the  fouthward  of  Cape  Verd  tends  to  the  eaftward  of 
South,  the  northerly  winds  then  leave  the  direction  of  the  more, 
and  become  feeble,  fluctuating,  and  fqually,  but  ftill  continue  their 
foutherly  drfe&ion  for  the  above  purpofe,  of  fnpplying  the  fource  of 
the  trade-winds;  but  that  fupply  becoming  very  fcanty,  the  trade- 
winds  from  this  coaft,  to  as  far  Weft  as  the  longitude  of  20.  or  per- 
haps farther,  are  but  very  fluctuating,  fqually,  and  rainy,  particularly 
when  the  fun  hath  north  declination,  becaufe  then  the  winds  from 
the  northward,  for  the  purpofe  of  fupplying  them,  are  at  that  time 
leaft  inclined  to  proceed  to  the  fouthward.  In  this  part  of  the  coaft., 
the  fea  breeze,  from  the  great  heat  of  the  land,  ought  to  have  a  con- 
fiderable  effect,  and  during  the  day  is  found  to  help  the  progrefs  of 
the  foutherly  winds;  but  its  direct  effecl:  is  greatly  diminifhed  by  the 
continual  drain  of  Atmofphere  from  off  this  coaft,  and  carried  away 
by  the  trade-winds.  From  this  circumftance  it  would  be  readily 
imagined,  that  the  land  breeze  during  the  night  would  blow  with 
great  force ;  but  this  is  not  the  cafe  ;  becaufe  in  the  firft  place  there 
is  no  accumulation  of  Atmofphere  from  a  fea  breeze,  to  difcharge 
from  off  the  land ;  and  again,  the  heat  upon  the  land  never  abating 
during  the  night,  fo  as  to  be  of  a  temperature  below  what  it  i  s  at  fea 
during  that  time,  therefore  the  land  breeze,  tho'  moderate,  is  of  no 
great  ftrength. 

The  fupply  of  Atmofphere  for  the  fouthern  trade-winds,  begins 

its 
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its  motion  upon  die  fea  adjacent  to  the  coaft  north  from  the  Cape  of 
Good  Hope;  from  thence  it  proceeds  to  the  northward,  until  at  the 
fouthern  Tropic,  where  altering  its  courfe  more  to  the  weftward,  it 
there  becomes  conflant  and  fteady,  and  from  thence  is  denominated 
the  Trade-wind.  After  part  of  the  trade-winds  make  the  circuit 
caufed  by  the  fea  breeze  upon  the  fouth  coaft  of  Guinea,  they  pro- 
ceed to  the  N.  W.  where,  joining  the  northern  half  of  the  trade- 
winds,  they  proceed  together  to  the  weftward  for  the  coafts  of  Ame- 
rica. 

It  may  be  obferved,  from  the  form  of  this  ocean,  that  the  fouthern 
trade-winds  commence  farther  to  the  eaftward  than  the  northern; 
and  that  the  northern  part  of  the  trade-winds  proceed  farther  to  the 
weftward  upon  the  Carribbean  fea,  than  the  fouthern  can  do ;  fo  that 
the  greateft  extent  of  fea  upon  which  the  trade-winds  upon  the  At- 
lantic blow,  is  not  in  the  direcl:  line  of  their  courfe,  but  angularly  from 
the  S.  E.  to  N.  W.  Nov/  the  winds  are  more  inclined  to  proceed 
with  the  direction  of  the  fea,  than  they  are  to  proceed  upon  the  land, 
becaufe  the  latter  forms  a  bank  to  conduct  them  upon  the  former,  as 
a  channel  where  they  are  facilitated  to  proceed,  by  meeting  with  lefs 
obftru£Hon  on  account  of  the  evennefs  of  the  furface:  fo  that  this 
angular  direction  of  the  fea  inclines  the  wind  more  from  the  fouth- 
ward,  and  is  the  reafon  of  the  S.  E.  trade-winds  penetrating  fo  far  to 
the  northward  of  the  Equator. 

The  conftant  influx  of  the  trade-winds  upon  the  continent  of 
America  caufing  an  accumulation  of  Atmofphere  there,  muft  elevate 
the  column  to  a  great  height,  and  this  height  is  ftill  made  greater 
by  the  great  heat  of  the  climate.  This  column  will  from  its  fuperior 
height,  difperfe  toward  the  North  and  South,  becaufe  of  the  great- 
er facility  with  which  it  is  led  to  flow  in  thefe  directions,  from  the 
lefs  elevation  of  the  column  there,  on  account  of  its  condenfation 
by  the  cold. 

The  general  North  and  South  motion  of  the  Atmofphere  in  the 
upper  regions,  from  the  Equator  toward  the  Poles,  has  in  the  for- 
mer part  of  this  fubjecl:  been  (hewn  to  be  caufed  by  the  greater  heat 
of  the  fun  in  the  equatorial  climates,  and  by  the  greater  cold  in  the 
polar.  In  this  it  may  be  proper  to  obferve,  that  although  the  co- 
lumn of  Atmofphere  is  higheft  at  the  Equator,  yet  the  weight  or 
pretTure  of  tlie  column  there  is  lefs  in  proportion  to  its  altitude  than 

it 
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ft  is  at  the  Poles,  on  account  of  the  heat  in  the  lower  regions  dimi- 
nifhing  its  denfity.  This  diminution  of  denfity  muft  begin  at  the  up- 
per limits  of  the  temperate  warmth,  and  from  thence  become  more 
and  more  as  the  heat  increafes  to  the  furface  of  the  earth,  where 
the  diminution  of  denfity  is  moft  from  what  the  calculation  from 
preflure  would  otherwife  give  ;  from  which  circumflance  the  upper 
limits  of  the  temperate  warmth  being  raifed  higher  by  the  rarefica- 
tion  below,  and  ftill  fupporting  the  fame  length  of  column  over  it, 
as  if  it  had  not  been  raifed,  its  denfity  will  be  greater  than  the  cal- 
culation for  denfity  at  that  height  would  otherwife  give  ;  and  confe- 
quently  greater  than  the  denlity  at  the  fame  height  in  the  colder  re- 
gions toward  the  Poles  ;  from  which  it  appears,  that  the  greateft 
difference  in  denfity  at  an  equal  altitude  will  be  about  the  upper  li- 
mits of  the  temperate  warmth ;  therefore  it  will  be  there  that  the 
motion  in  the  Atmofphere,  from  the  Equator  toward  the  Poles,  will 
be  principally  carried  on.  And  fmce  the  Atmofphere  near  the  Poles 
is,  from  its  greater  weight,  flowing  continually  off  toward  the  warm- 
er climates  in  the  lower  region,  the  motion  through  the  region  at  the 
upper  limits  of  the  temperate  warmth  above  defcribed,  for  fupplying 
the  deficiency  caufed  by  this  flowing  off"  below,  will  be  carried  on  at 
a  lefs  altitude,  on  account  of  the  communication  being  more  clirecl:. 

The  Atmofphere  in  the  upper  regions  will  be  prevented  from  pro- 
ceeding to  the  weftward,  beeaufe  the  heat  upon  the  Weft  coafl  of 
America,  bordering  the  Pacific  Ocean,  is  equally  as  great  as  that 
upon  the  eaftern  coaft,  by  which  the  column  will  be  equally  as  much 
elevated,  and  its  denfity  in  all  its  parts  nearly  the  fame,  befides 
which  the  Andes  and  Cordilleras  lie  aa  a  barrier  to  obftruft  its  paf- 
fage  that  way. 

The  province  of  Quito  upon  the  Andes,  lying  in  a  fituation  not 
much  below  the  upper  limits  of  the  temperate  warmth,  and  the  Cor- 
dilleras or  mountains  there  rifing  above  that  height,  the  North  and 
South  motion  of  the  Atmofphere  above  defcribed,  that  is  carried  on 
at  this  height,  is  teftified  by  Don  Ulloa,  one  of  the  Mathematicians 
who  were  deputed  to  meafure  a  degree  of  the  meridian  in  that  coun- 
try about  the  year  1 737,  and  continued  near  9  years  in  it;  for  fpeak- 
ing  of  the  winds  in  Quito,  he  fays,  that  they  blow  cor.ti.iually, 
but  never  with  any  violence;  their  ufual  directions  are  North  and 
South,  tho'  they  iometimes  iliift  to  other  quarters,  without  any  re- 
gard 
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gard  to  the  feafon  of  the  year;  by  which  we  fee  that  North  and 
South  is  the  general  tendency  of  the  winds  there,  which  correfponds 
with  the  above  theory;  only  being  upon  the  Equator,  the  feparation 
in  their  direction  toward  each  Pole  muft  make  them  more  variable  at 
this  place,  than  they  would  be  upon  the  fame  elevation  at  any  con- 
fiderable  diflance  North  or  South  from  it.  Alfo  the  mountains,  by 
obftru£ting  and  altering  the  direction  of  the  winds,  muft  increafe 
their  variation. 

The  accumulation  of  Atmofphere  from  the  trade-winds  flowing 
upon  the  continent  of  South  America,  will  be  difcharged  by  its  de- 
fcending  to  the  fouthward  thro'  the  upper  region  toward  the  colder 
climates  there,  and  from  thence  flowing  to  the  eaftward  along  the 
South  Atlantic  toward  the  Cape  of  Good  Hope,  forming  the  prevail- 
ing Weft  winds  in  that  ocean,  which  afterwards,  by  proceeding  to  the 
northward,  along  the  coaft  of  Africa,  join  the  fouthern  trade-wind, 
and  by  proceeding  to  the  weftward  with  it,  completes  the  circulation 
in  that  hemifphere. 

In  like  manner  does  the  accumulated  Atmofphere  flow  to  the 
northward  over  the  continent  of  North  America  and  the  Atlantic 
Ocean  bordering  it.  In  the  winter  feafon,  this  flowing  off  to  the 
northward,  is  carried  on  principally  through  the  upper  region  over 
the  land,  and  being  condenfed  by  the  cold  there,  it  returns  through 
the  lower  region  to  the  fouthward  and  eaftward,  upon  the  principle 
already  mentioned,  of  the  cold  Atmofphere  in  the  lower  region  al- 
ways flowing  by  its  fuperior  weight  toward  the  equatorial  or  warm- 
eft  climates,  and  the  contrary  in  the  higher  regions  ;  only  the  eaf- 
tern  dire&ion  it  takes  here,  is  in  order  to  carry  on  the  circulation. 

Here  it  will  be  proper  to  obferve,  that  the  uniform  motion  and 
regularity  of  the  trade-winds  in  the  middle  of  the  ocean  is  difturbed, 
upon  approaching  to  and  entering  upon  the  land,  becaufe  of  the  in- 
equality of  its  furface,  the  different  degrees  of  heat  upon  it,  and 
more  particularly  by  the  falls  of  rain,  witli  various  other  caufes  ;  fo 
that  in  the  Weft  Indies  the  weather,  as  to  feafons,  begins  to  vary,  and 
the  uniformity  of  the  winds  both  in  ftrength  and  direction  is  fome- 
times  difturbed;  upon  the  continent  of  N.  America  the  variation 
of  the  winds  and  weather  is  increafed  and  becomes  very  great,  owing 
to  the  difference  there  is  in  the  temperature  of  the  feafons,  upon  ad- 
vancing North  toward  the  vicinity  of  the  cold  climates,  and  by  con- 
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fidering  the  great  extent  of  fpace  from  the  Northern  Tropic  to  the 
Pole,  that  the  circulation  has  to  return  thro'  to  the  eaftward  acrofs  the 
Atlantic,  and  that  only  the  northern  half  of  the  trade-winds  return 
that  way,  its  motion  through  this  great  fpace  muft  be  flow,  partial, 
and  variable,  which  from  the  obftru&ion  of  mountains,  direction 
of  valleys,  fluctuation  and  difference  in  temperature,  with  the  effects 
of  evaporation,  clouds,  and  mowers,  muft  render  the  winds  in  the 
northern  climates  very  variable,  both  upon  the  land  and  fea,  parti- 
cularly the  former ;  fo  that  the  circulation  of  the  Atmofphere  to  the 
eaftward,  for  fupplying  the  fource  of  the  trade-winds  in  every  part 
of  its  circuit,  can  only  be  eftimated  by  its  general  tendency  that 
way. in  the  prevailing  winds  in  thofe  directions,  above  thofe  in  any 
other. 

Toward  the  end  of  autumn,  when  the  fun  declining  South,  is 
withdrawing  his  prefence  from  the  North  polar  climates,  the  froft 
then  takes  pofleflion  of  the  regions  round  the  Pole,  and  from  thence, 
as  the  fun  recedes,  it  advances  in  every  direction  to  the  fouthward, 
thereby  enlarging  the  circumference  of  the  fpace  where  the  warm 
temperature  borders  upon  freezing,  until  the  latter  end  of  winter, 
when  a  great  part  of  the  northern  Hemifphere  is  occupied  by  the 
froft..  Thus  when  the  cold  has  advanced  far  to  the  fouthward,  and 
becomes  fevere  upon  the  northern  continents,  particularly  upon  that 
of  America,  it  often  happens,  that  the  flow  of  heavy  Atmofphere 
from  this  frofty  mafs  toward  the  warmer  climates  to  the  fouthward 
is  more  abundant  from  the  Eaft  coaft  of  N.  America  than  is  neceflary 
for  croffing  the  Atlantic  for  fupplying  the  fource  of  the  northern 
trade-winds  ;  therefore  we  frequently  find  a  part  of  this  How  of  cold 
Atmofphere  proceed  to  the  fouthward  and  eaftward,  pad  the 
illands  of  Bermuda,  forming  the  N.  W.  gales,  fo  well  known  upon 
this  coaft,  where  by  joining  the  trade-winds  there,  completes  a  re- 
volution within  that  ihort  fpace. 

Thefe  N.W.  gales  aye  promoted  by  the  warmth  of  the  Atlantic  ocean 
bordering  this  coaft,  but  more  efpccially  by  the  greater  warmth  of 
a  ftrcam  of  warm  \vatcr,  commonly  called  the  Gulf-ftream,  that 
flows  continually  from  the  Weft  Indies  North  through  the  Gulf  of 
Florida,  and  from  thence,  to  the  northward  and  eaftward  along  this 
coaft,  until  pad  the  Banks  of  Newfoundland,  and  which,  by  com- 
municating its  warmth  to  the  Atmofphere  over  it,  facilitates  the  in- 
flux 
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flux  of  the  cold  frofty  air  from  off  the  land  ;  and  from  this  frofty 
air  flowing  fo  fluently  from  off  the  continent  of  North  America 
upon  the  Atlantic,  the  higher  Atmofphere  there,  finking  down  to 
fill  its  place,  muft  leave  a  confiderable  quantity  of  vacant  fpace  in  the 
upper  region,  which  will  facilitate  the  defcent  of  the  higher  At- 
mofphere from  the  fouthward  to  fill  it  up,  which  again  will  facili- 
tate the  influx  of  the  trade-winds  into  the  bay  of  Mexico.  Hence 
we  fee  the  reafon  of  the  trade-winds  being  brifker  among  the  Weft 
India  Iflands  during  the  time  the  cold  is  intenfe,  and  far  to  the 
fouthward  upon  the  continent  of  America,  than  they  are  at  any 
other  feafon  ;  and  of  the  trade-winds  preferving  their  limits  at  the 
fame  diftance  to  the  northward,  when  the  fun  hath  South  declina- 
tion, as  they  do  when  he  has  North. 

The  heavy  frofty  Atmofphere,  in  flowing  from  off  the  land  of  N. 
America,  commonly  burfts  to  the  eaftward,  through  one  or  more 
valleys  near  each  other,  while  at  the  fame  time  upon  another  part 
of  the  coaft,  at  a  diftance  from  this,  there  may  be  but  little  wind 
that  way,  or  perhaps  calm.  The  force  and  quantity  with  which 
the  Atmofphere  rufhes  through  thefe  valleys,  often  exceeds  the  fup- 
ply  from  the  warmer  climates  in  the  upper  region,  and  will  continue 
not  only  until  the  accumulation  is  done  away,  but  often,  until  an 
exhauftion  takes  place,  whofe  counter  force  is  fufficient  to  overcome 
the  velocity  of  that  flowing  off;  confequently  the  moment  the  mov- 
ing off  ceafes,  a  motion  will  commence  the  contrary  way,  and  con- 
tinue until  the  exhauftion  is  filled  up.  This  contrary  motion  will 
be  but  fliort,  becaufe  the  fupply  by  the  circulation  from  the  fouth- 
ward continuing  to  flow  in,  will  now  rufli  in  with  increafcd  force. 
Again,  upon  a  fecond  accumulation,  the  vent  may  burft  out  in  anor 
ther  place,  producing  the  fame  effect ;  and  agreeably  to  this  theory 
we  fee  that  the  N.  W.  gales  upon  the  Eaft  coaft  of  N.  America, 
never  blow  alike  in  all  places,  but  are  very  partial,  and  frequently 
exhaufting  themfelves  by  their  force,  and  caufmg  a  fliort  interval  of 
eafterly  wind  to  fucceed  them  ;  and  in  like  manner  it  is  very  proba- 
ble, when  the  fummer  heat  has  confined  the  froft  to  a  fmall  fpace 
round  the  North  Pole,  that  from  the  near  approach  of  the  North 
Atlantic  and  North  Pacific  Seas  to  this  Pole,  the  frofty  winds  flow- 
ing out  upon  one  of  thefe  feas  may  caufe  an  exhauftion,  fo  as  to 
produce  a  wind  from  the  fouthward  in  the  oppofite  fea,  in  order  to 
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fill  it  up  ;  fo  that  it  is  mod  probably  owing  to  this  caufe,  that  fouth- 
erly  gales  fometimes  happen  in  Greenland  ;  for  I  dare  fay  that  nor- 
therly gales  of  a  fimilar  nature  (if  ever  they  happen)  are  very  rare 
upon  the  borders  of  the  ice  round  the  South  Pole. 

In  the  fummer  feafon,  the  weather  for  a  confiderable  way  North 
upon  the  continent  of  America,  is  as  warm,  or  nearly  fo,  as  it  is  in  the 
equatorial  climates,  confequently  the  column  of  Atmofphere  will 
be  equally  as  much  elevated ;  fo  that  there  will  be  little  or  no  def- 
cent  for  it  in  the  higher  regions,  to  facilitate  its  moving  to  the 
northward  there ;  therefore  any  movement  to  the  northward  muft 
be  carried  on  by  a  flow  motion  through  the  lower  region,  fo  that 
from  this  obftru&ion  to  its  motion  to  the  northward  upon  the  land, 
we  find  a  flow  of  Atmofphere  to  the  northward  upon  the  fea  a- 
breaft  the  Weft  India  Iflands,  by  the  trade-wind  flowing  from  its 
northern  limits  to  the  northward  and  eaftward  in  S.  W.  winds, 
which  at  this  feafon  are  found  to  prevail  in  the  lower  region  over 
the  fea,  along  the  American  coafh,  and  on  each  fide  the  Bermuda 
Iflands  ;  for  it  is  then  common  for  a  fhip  from  the  Weft  India 
Iflands,  bound  to  the  northward,  when  coming  near  the  North  li- 
mits of  the  trade-winds,  to  find  the  wind  veer  from  Eaft  to  S.  E. 
then  to  South  ;  and  thus  it  veers  as  fhe  advances  to  the  north- 
ward, until  at  laft  it  comes  to  S.  W.  or  W.  S.  W.  fo  that  in  tins 
manner  does  part  of  the  trade-winds  during  the  fummer  feafon  cir- 
culate to  the  northward  along  the  furface  of  the  fea,  and  the  reft 
over  the  continent  of  America  by  flow  motions  in  the  lower  region, 
until  it  come  to  the  borders  of  the  cold,  where  the  northern  motion 
is  transferred  to  the  higher  region  as  above  defcribed,  and  a  motion, 
toward  the  -warmer  climates  commences  below. 

The  want  of  vent  to  the  northward  over  the  continent  of  America 
muft,  during  the  fummer,  produce  an  accumulation  of  Atmolphere 
upon  the  Bay  of  Mexico,  and  the  feas  and  coafts  adjacent ;  there- 
fore it  is  probable  that  part  of  this  accumulated  Atmofphere  is 
forced  through  and  efcapes  between  the  mountains  over  the  Ifthmus 
of  Darien  upon  the  Pacific  Ocean  ;  and  that  the  prevailing  Weft 
winds  blowing  round  Cape  Horn,  as  defcribed  by  Anlbn  and  other 
circumnavigators,  are  for  the  purpofe  of  fupplying  the  deficiency 
caufed  in  the  Atlantic  by  Atmofphere  efcaping  that  way. 

Alfo  this  accumulation  prevents  in  a  great  meafure  a  fea  breeze, 
F  which 


which  during  the  hot  fummer  weather  would  otherwife  blow  iit 
upon  the  land,  along  the  fouthern  coafls  of  the  United  States,  as 
far  to  the  northward  as  New  York.  It  is  true,  the  prevailing  S.  W. 
winds  that  blow  along  thefe  coafts,  tend  more  from  the  fouthward 
during  the  heat  of  the  day,  but  not  fo  much  upon  the  more  as  the 
heat  of  the  land  might  otherwife  caufe  it.  But  along  this  coall 
the  land  breeze  during  the  night  is  common  during  fettled  wea- 
ther. To  the  eaftward  of  New  York,  along  the  coafts  of  New- 
England,  Nova  Scotia,  and  the  fouthern  coafts  of  Newfoundland, 
where  the  effefts  of  this  accumulation  do  not  reach,  the  fea  breeze 
generally  prevails  during  fine  weather  blowing  ftrong  from  the  fouth- 
ward, toward  which  it  is  facilitated  for  fupplying  the  eaftern  circu- 
lation carried  on  in  the  Greenland  and  other'  northern  feas  at  this 
feafon. 

The  warmth  communicated  to  the  weftern  coafts  of  Europe,  by 
the  prevailing  wefterly  winds,  with  the  vapour  carried  by  them  from 
off  the  ocean  upon  thefe  coafts,  and  from  the  fea  f unrounding  the  North 
Cape  by  its  warmth,  and  the  facility  it  affords  to  the  wefterly  winds 
to  proceed  round  it,  checking  the  feverity  of  the  froft  upon  its  coaft, 
and  hindering  the  Greenland  froft  from  communicating  with  them, 
together  with  the  higher  degree  of  cultivation,  the  fewer  forefts,  the 
greater  number  of  inhabitants,  cattle,  &c.  hinders  the  winter  cold 
from  penetrating  fo  far  to  the  fouthward  there,  as  it  does  upon  the 
North  American  continent,  and  facilitates  the  returning  influence  of 
the  fun  in  commencing  fooner,  and  penetrating  farther  to  the 
northward  in  the  fpring  and  fummer ;  by  which  means  the  weftern 
European  coafts  are  at  this  feafon  warmer  than  the  American  eaf- 
tern coafts  under  the  fame  parallel,  which  will  of  confequence 
produce  an  eaftern  current  of  Atmofphere  over  thefe  feas,  by  its 
flowing  from  the  colder  continent  toward  the  warmer,  and,  as  men- 
tioned before,  it  is  to  fupply  this  circulation  in  the  northern  feas, 
that  the  winds  prevail  fo  much  from  the  fouthward  upon  the  coafts 
of  New  England,  Nova  Scotia,  and  Newfoundland  ;  alfo  the  fud- 
den  and  heavy  gales  of  foutherly  winds  that  frequently  happen 
tipon  the  North  American  coafts  are'  no  doubt  caufed  by  Atmof- 
phere rufhing  to  the  northward  to  fupply  exhauftions  caufed  by 
this  circulation  to  the  eaftward  in  the  Greenland  feas. 

The  fpace  for  the  wefterly  winds,  for  carrying  on  the  general 
circulation  to  the  eaftward  acrofs  the  Atlantic  Ocean,  being  greatly 
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enlarged  during  the  fummer,  fo  as  to  become  too  extenfive  for  the 
quantity  of  Atmofphere  necefTary  to  carry  on  the  circulation  to 
maintain  a  conftant  current  over  all  its  parts  ;  therefore  it  com- 
monly happens,  from  the  elafticity  and  other  properties  of  the  At- 
mofphere, together  with  caufes  already  enumerated,  that  the  direc- 
tions of  the  winds  are  fluctuating  and  variable ;  fo  that  as  already 
mentioned,  it  is  only  by  what  the  motion  to  the  eaftward  exceeds 
that  to  the  wefhward,  that  the  general  circulation  is  to  be  calculated. 
The  winds  upon  the  fea  not  being  fo  changeable  as  thofe  upon  the 
land,  it  continues  longer  in  the  fame  dire&ion,  after  having  once 
fet  in  ;  an  inftance  of  which  I  was  told  happened  a  few  years  ago  : 
— A  packet  arriving  at  Halifax  from  Falmouth,  after  a ,  paflage 
of  21  days,  having  an  eafterly  wind  all  the  way,  which  is  directly 
contrary  to  the  general  circulation  ;  yet  this  argues  but  little  againft 
it,  becaufe  from  the  fpace  being  fo  extenfive,  this  eafterly  wind 
might  not  prevail  in  all  parts  of  it  during  that  time,  and  a  wefterly 
wind  in  another  place  might  compenfate  fufficiently  for  the  eafterly 
wind  here.  Befides  it  may  be  many  years  before  a  fimilar  inftance 
of  fuch  a  paflage  from  an  eafterly  wind  happen  again,  although 
fuch  paflages  from  Halifax  to  England  by  wefterly  winds  are  very 
common. 

The  general  circulation  of  the  Atmofphere  from  the  coafts  of  the 
United  States  to  the  coafts  of  Europe,  is  carried  on  chiefly  between 
the  Banks  of  Newfoundland  and  the  Weftern  Illands,  and  it  is 
there  where  the  wefterly  winds  are  moft  prevalent.  After  pafling 
the  Banks  of  Newfoundland,  thefe  winds,  efpecially  in  the  fummer 
feafon,  are  inclined  to  proceed  more  to  the*  northward,  from  the 
lefs  obftru&ion  they  meet  with  that  way  upon  the  furface  of  the 
ocean,  and  pofition  of  the  European  coafts,  and  from  the  great 
quantity  of  vapour  rifing  in  the  fouthern  climates,  moving  to  the 
northward,  in  order  to  fupply  the  fall  of  rain,  hail,  and  fnow,  in 
the  northern  climates  ;  alfo  the  vent  round  the  North  Cape  inclines 
them  more  to  the  northward,  where  after  rounding  the  Lapland 
coafts,  the  circulation  that  way  proceeds  up  the  White  Sea,  over 
Ruflia  and  the  reft  of  Europe,  to  the  Mediterranean. 

During  the  winter  feafon,  the  circulation  to  the  eaftward  over  the 
Greenland  feas  is  flopped  by  the  froft,  by  which  the  general  circu- 
tion  is  confined  to  the  fouthward  of  Newfoundland,  having  its  chief 
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ttrength  and  direction  between  the  Banks  of  Newfoundland  and  the 
Weftern  Iflands,  which  appears  to  be  the  principal  channel  for  it  in 
all  feafons.  But  in  the  winter,  from  its  being  chiefly  confined  to 
tnis  fpace,  we  find  it  carried  on  with  greater  force  than  in  fum- 
vner ;  hence  the  wefterly  winds  are  at  this  feafon  more  conftant, 
and  of  greater  force,  than  they  are  in  fummer,  as  alfo  the  wind 
from  the  cold  Atmofphere  to  the  northward  blowing  to  the  fouth- 
ward,  joins  the  weflcrly  wind,  and  proceeding  with  it,  increafes  its 
ftrength ;  for  it  is  found,  that  the  more  North  the  latitude,  the 
more  from  the  North  in  general  the  wind  is  ;  for  inftance,  a  fhip 
paffing  the  Banks  of  Newfoundland  at  this  feafon,  will  moft  pro- 
bably have  the  wind  at  N.  W.  while  at  the  fame  time  another  fhip, 
due  South  from  the  firft,  in  latitude  36  or  38,  may  have  the  wind 
at  Weft,  W.  S.  W.  or  perhaps  S.  W.  Now  it  is  evident,  that  at 
the  joining  of  thefe  winds,  it  muft  blow  flronger  than  at  a  diftance 
from  it,  which  is  frequently  experienced  by  {hips  pafling  in  this 
tra£r.  Alfo  it  often  happens,  during  fevere  cold  winter  gales,  that 
the  meeting  of  the  Weft  and  N.  W.  winds  produces  whirls,  raifing 
the  water,  and  carrying  it  in  form  of  drift  with  them  to  confidera- 
ble  heights.  Thefe  are  by  failors  termed  white  JyuaJh,  from  their 
being  feldom  accompanied  by  a  cloud. 

Between  the  above-mentioned  channel  of  the  wefterly  winds,  and 
the  North  limits  of  the  trade-winds,  (that  is)  the  fpace  comprehen- 
ded between  the  Weftern  Iflands  and  Madeira  on  the  Eaft  fide>  and 
the  Bermudas  on  the  Weft,  the  winds  are  found  more  variable  (ef- 
pecially  in  the  fummer  time)  and  the  wefterly  winds  kfs  frequent, 
than  they  are  immediately  to  the  northward,  which  perhaps  the 
Weftern  Iflands  may  in  fome  meafure  contribute  to,  by  obftrucling 
their  paflage,  therefore  eafterly  winds  frequently  prevail  here 
continuing  fome  days  at  a  time.  The  fouthern  part  of  this  fpace  bor- 
dering upon  the  trade-winds,  is,  during  both  furnnier  and  winter, 
more  frequented  with  calms  than  any  other  part  of  the  ocean,  on 
account  of  its  fituation  lying  between  where  the  northerly  winds 
flow  in  to  fupply  the  trade-winds  on  the  eaft  fide,  and  where  the 
trade-winds  branching  out  from  their  North  limits,  flow  to  the 
northward  upon  the  ocean  on  the  Weft  fide.  But  all  thefe  general 
directions  of  the  winds  on  the  Atlantic  ocean  are  continually  dif- 
turbed  and  altered,  from  various  caufes,  as  well  as  by  the  great 
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quantity    of  vapour    which   is  continually  riling,  condenfing  into 
clouds,  and  affeinbling  in  maffes,  fall  in  rain. 

The  ftream  of  wefterly  or  S.  W.  winds  which  blow  between  the 
Banks  of  Newfoundland  and  the  Weftern  Hands,  generally  bend 
their  courfe  to  the  Britifh  Ifles,  and  North  coaft  of  France.     When 
moderate    and   fteady,  they  upon  palling  the  mountains   and   high 
lands  on  the  Weft  of  Britain  and  Ireland,  have  their  current  fome- 
times  transferred  to  the  higher  region,  becaufe  of  thefe  mountains 
obftrudting  it  low  down  •,  and  from  the  higheft  lands  being  upon 
the  weftern    coafts,    this    current  preferves  its  height,   in    palling 
over  the  low  lands  to  the    eaftward,   while  low  down,  winds  in 
various  directions  prevail  by  being  under  the  eddy  of  the  wefteru 
high  land  ;  as  may  be  feen  by  different  veffels  at  fea  near  the  eaftern 
coafts,  as  well  as  different  places  upon  land,  not  far  diftant  from 
each  other,  from  their  having  at  the  fame  time  winds    widely  dif- 
ferent from  each  other,  while  the  higher  clouds  may  be  perceiv- 
ed by   an  attentive  obferver  to  move   all  the  time  uniformly   and 
fteadily  to    the    eaftward  j  from  which  circumftance  it  appears,  that 
the  winds  are  more  from  the  weftward,   and  lefs  variable  upon  the 
weftern  coafts  of  Britain  and  Ireland,  than  they  are  upon  the  eaftern.  > 
Again,    it    fometimes  happens,    with  ftrong  gales    of  wefterly 
winds  accompanied  with  heavy  rain,  falling  upon  the  weftern  coafts, 
that  the  rain  by  falling  and  carrying  the  Atmofphere  down  with  it, 
transfers  its  current  to  the  furface,  which  burfting  through  between 
the  mountains,  rufhes  with  great  force  down  through  the  valleys  to 
the  eaftward,  in  fudden   and  ftrong  gales,  while  the  clouds  above 
appear  almoft  ftationary.     Thefe    gales   are  moft  prevalent  in    the 
autumn  and  fall  of  the  year,  and  are  peculiar  to  the  eaftern  coafts  of 
Britain  or  Ireland,  with  weft  winds,  and  in  other  inland  fituations, 
with    the   wind  blowing    from  off"  the  mountainous  pai'ts  ;    for  in 
gales  of  wind  blowing  at  fea,  or  from  off  the  fea  upon  the  land,  the 
clouds  moft  commonly  accompany  the  wind  with  fome  velocity.— 
The  commencement  of  thefe  fort  of  gales    is  always  very  fudden, 
and  from  their  blowing  fo  low  down,  the  condenfation  of  the  lower 
Atmofphere  upon  the  European  continent  to   the  eaftward,  by  the 
night  cold,  more  effectually  retards  their  progrefs,  and  thus  com* 
monly  renders  them  moderate  toward  evening*. 

As  the  fummer  muft  commence  before  the  cold  in  RufEa,  Poland, 


and  the  North  of  Germany  will  fuffer  a  circulation  in  the  lower  re- 
gion over  thefe  places  to  be  carried  on  to  the  fouthward,  therefore 
the  circulation  which  in  the  fpring  of  the  year  commences  to  the 
caftward,  over*  the  northern  feas  toward  Greenland,  by  having  no 
vent  over  thefe  countries,  muft  proceed  to  the  fouthward,  along 
the  Norwegian  coafts,  and  from  thence  forms  the  North  and  N.  E. 
winds  which  are  often  hurtful  to  the  bloflbms,  and  at  thatfeafon  are 
found  fo  common  upon  the  Eaft  coaft  of  Britain,  and  neighbour- 
ing coafts  on  the  continent ;  from  thence  thefe  winds,  by  proceed- 
ing down  the  Britifh  Channel,  frequently  continue  to  the  S.  W. 
along  the  coaft  of  Portugal,  till  at  laft  they  join  the  trade-wind. — 
But  when  the  froft  comes  to  be  removed  by  the  fummer  warmth, 
from  off  the  continent  of  Europe,  and  the  circulation  up  the  White 
Sea  and  up  the  Baltic  and  rivers  in  Germany,  comes  from  thence  to 
be  carried  on  to  the  fouthward  toward  the  Mediterranean,  thefe 
North  and  N.  E.  winds  become  lefs  frequent  in  Britain  ;  and  from 
the  circulation  to  the  eaftward  being  ftill  continued  in  the  Greenland 
feas,  the  wefterly  winds  do  not  commence  fo  as  to  be  prevalent ; 
therefore  the  winds  in  Britain  are  variable,  and  ofttimes  calms  pre- 
vail during  the  months  of  June  and  July,  until  about  Auguft,  when 
from  the  northern  part  of  the  American  continent  having  received 
ks  greateft  warmth,  and  the  cold  beginning  toincroachupon  the  North 
of  Europe,  the  circulation  from  the  eaftward  over  the  Greenland 
feas  begins  to  ceafe  :  It  then  returns  to  its  common  channel,  North 
of  the  Weftern  Iflands,  and  over  Britain,  and  the  wefterly  winds 
commence  ;  which  by  branching  to  the  northward,  after  they  are  to 
the  eaftward  of  the  Banks  of  Newfoundland,  circulate  round  the 
North  Cape  at  this  feafon,  up  the  White  Sea,  and  over  Ruflia  and 
the  reft  of  Europe,  to  the  Mediterranean. 

Thefe  wefterly  winds,  flowing  in  from  off  the  Atlantic  Ocean 
upon  the  Weft  of  Europe,  by  proceeding  up  the  Baltic,  and  up 
the  valleys  of  the  rivers  in  Germany,  fupply  the  deficiency  cauf- 
cd  by  the  prevailing  Northerly  winds  that  flow  from  off  the 
northern  ihores  upon  the  Mediterranean,  where  they  are  in  great 
part  dr  ained  from  thence  by  fea  breezes  upon  the  African  coaft 
bordering  it,  and  there  fupply  the  drain  carried  to  the  weftward 
by  the  trade-winds  from  off  the  African  N.  W.  coaft.  Sometimes 
the  northerly  winds  from  off  the  northern  coafts  of  the  Mediterra- 


ranean  proceed  in  winds  called  Levanters  to  the  weftward,  through 
the  Straits,  and  over  the  South  of  Spain  and  North  of  Africa,  for 
fupplying  the  northern  part  of  the  trade-winds  ;  and  thus  com- 
plete the  circulation. 

During  the  winter  feafon,  the  frofty  mafs  of  Atmofphere  upon 
the  North  of  Europe  (in  the  fame  manner  as  that  defcribed  upon  N. 
America)  is  continually  diffufing  itfelf  by  its  fuperior  weight  over 
the  furface  of  the  earth,  toward  where  the  Atmofphere  is  warmer, 
thus  ofttimes  producing  a  N.  E.  or  Eaft  wind  from  ofF  the  weftern 
coaft,  along  the  furfaee  of  the  fea,  in  oppofition  to  the  general 
wefterly  winds,  and  thus  by  its  greater  weight  obliges  the  latter  to 
float  higher  up,  where  proceeding  to  the  eaftward,  it  fupplies,  in 
the  higher  region,  the  deficiency  caufed  by  the  flowing  out  of  that 
below,  whether  to  the  weftward  upon  the  Atlantic,  or  to  the  fouth- 
ward  upon  the  Mediterranean.  When  moderate,  thefe  eafterly 
winds  from  off  the  Weft  coafts  of  Europe  frequently  do  not  reach 
fo  far  as  the  coafts  of  Britain,  but  may  be  known  to  prevail  upon 
the  fea  to  the  eaftward,  by  the  fwell  beating  againft  its  eaftern 
{hores  ;  and  when  eafterly  ftorms  become  fo  violent  as  to  reach  Bri- 
tain, they  frequently  do  not  penetrate  over  the  mountains  to  the 
Weft  coaft,  in  fo  much,  that  there  they  often  enjoy  fine  weather, 
while  the  ftorm  rages  upon  the  Eaft  coaft.  From  all  thefe  circum- 
ftances  it  appears,  that  the  eafterly  winds,  which  during  the  winter 
cold  fo  frequently  blow  from  off  the  Weft  coafts  of  Europe,  reach 
but  a  little  way  upon  the  ocean  before  they  are  overcome,  or  diver- 
ted into  another  direction,  by  the  prevailing  wefterly  winds,  or  by 
mounting  up  they  unite  with  the  wefterly  winds,  and  return  with 
them  in  the  higher  regions,  or  elfe  return  in  a  circuitous  direction 
by  a  different  route,  by  which  the  general  circulation  is  ftill  carried 
on,  and  fupply  furnilhed  for  the  Atmofphere  flowing  to  the  fouth- 
ward  upon  the  Mediterranean.  It  is  true,  the  N.  E.  winds  fre- 
quently continue  down  the  Englifh  and  St.  George's  Channel,  acrofs 
the  Bay  of  Bifcay  to  the  fouthward,  but  the  Eaft  and  S.  E  winds 
fcarcely  ever  continue  any  diftance  upon  the  ocean,  without  having 
their  dire&ion  changed. 

To  the  fouthward  of  Cape  Finifterre,  .the  northerly  and  eafterly 
winds  begin  to  prevail,  in  order  to  fupply  the  trade-winds,  and  the 
farther  to  the  fouthward,  thefe  winds  become  more  prevalent,  until 
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among  the  Canary  Iflands,  where  they  are  fixed  at  N.  E.  and  from 
thence  called  the  trade-winds.  As  the  trade-winds  are  conftant, 
the  fupply  for  fupporting  them  mufl  be  regular ;  but  as  the  fpace 
from  whence  this  fupply  is  derived,  is  of  great  extent,  the  particu- 
lar fpot  for  fupply  is  often  fhifted,  and  therefore  very  uncertain  ;  for 
inftance,  the  fupply  may  at  one  time  come  wholly  from  off  the 
Mediterranean  and  North  of  Africa,  in  which  cafe  other  winds, 
fuch  as  Weft  or  S.  W.  may  prevail  upon  the  feas  round  Madeira, 
and  between  that  and  Cape  St.  Vincents ;  and  at  another  time  it 
may  come  from  off  thefe  feas,  and  ceafe  from  off  the  Mediterranean. 
But  it  is  mod  probable  that  the  greateft  and  moft  conftant  part  of  the 
fupply  for  the  northern  trade-winds  is  from  off  the  northern  part 
of  the  continent  of  Africa,  toward  which  it  flows  in  fea  breezes 
from  off  the  Mediterranean. 

It  hath  already  been  obferved,  that  in  warm  weather,  the  land  im- 
bibes more  heat  than  the  fea,  and  retains  more  cold  in  cold  wea- 
ther ;  alfo  that  the  heat  the  land  receives  during  the  day,  diminifhes 
confiderably  during  the  night;  whereas  the  temperature  of  the  fea  is 
nearly  uniform  at  all  times,  and  its  difference  as  to  climates  not  very 
great;  from  which  circumftance  there  will  be  an  almoft  continual 
difference  in  temperature  between  the  land  and  the  fea  in  every 
place  upon  the  furface  of  the  earth,  which  will  caufe  a  current  of  At- 
mofphere  to  flow  from  one  to  the  other,  by  the  colder  always  moving 
toward  the  warmer.  Thus  in  the  equatorial  climates,  where  the 
land  during  the  day  is  warmer  than  the  fea,  the  fea  breeze  as  before 
defcribed  takes  place,  and  in  the  cold  climates  near  the  Poles,  where 
the  land  is  colder  than  the  fea,  the  cold  Atmofphere  rumes  off  as  def- 
cribed, from  the  Eaft  coaft  of  North  America ;  only  as  the  fea 
breeze  is  ftrongeft  during  the  heat  of  the  day,  fo  the  cold  winds  that 
flow  from  off  the  land  in  the  northern  climates  are  ftrongeft  during 
the  night ;  but  the  cold  upon  the  polar  lands  being  more  conftant, 
(as  they  abate  but  little  by  the  heat  of  the  day)  fo  the  violence  with 
which  they  blow  is  more  uniform  while  they  laft.  In  the  middle  cli- 
mates, between  the  extremes  of  heat  and  cold,  where  each  only  ex- 
ifts  in  a  moderate  degi-ee,  the  effect  of  either  fea  and  land  breeze  are 
not  fo  confpicuous,  on  account  of  the  difference  of  temperature  not 
being  fo  great,  and  of  the  general  windsnot  being  conftantoruniform, 
in  either  their  ftrength  or  direction ;  yet  during  moderate  weather  they 
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are  perceptible,  in  fo  much,  that  the  moft  ignorant  failor,  when 
coafting  along  (here,  knows  that  toward  night  the  wind  will  come 
more  from  off  the  land,  and  draw  more  from  the  fea  durin  g  the  heat 
of  the  day;  not  knowing  that  the  caufe  of  this  change  of  the  wind  i* 
the  condenfation  of  the  Atmofphere  by  the  night  cold  upon  the  land, 
which  produces  the  land  breeze,  and  its  rarefaction  by  the  heat  of 
the  day,  which  produces  the  fea  breeze.  Alfo  it  is  upon  the  fame 
principle  we  generally  perceive,  that  along  the  weftern  coafts  of 
Europe,  the  wefterly  winds,  though  blowing  ever  fo  ftrong  during 
the  day,  commonly  become  moderate,  or  perhaps  die  away  in  a  calm 
toward  night,  owing  to  the  increafe  of  cold  upon  the  approach  of 
night,  which  commencing  upon  the  continent  to  the  eaftward,  con- 
denfes  the  Atmofphere  there,  and  retards  or  perhaps  altogether  ob- 
ftru&s  the  further  progrefs  of  the  wefterly  wind. 

It  is  to  be  obferved,  that  winds  blowing  angularly  to  the  direction 
of  a  coaft,  are  always  led  to  proceed  more  in  that  direction,  becaufe 
the  elevation  of  the  land  ferves  as  a  bank  to  reftrain  ajid  conduct 
it  along  it,  in  the  fame  manner  that  wind  blowing  angularly  upon  a 
a  valley,  is  by  the  fides  of  the  valley  conducted  along  it.  Therefore 
two  fhores  of  high  lands  meeting  fo  as  to  form  an  angle  in  a  cape  or 
headland,  a  wind  blowing  off  thefe  fhores  will  have  its  direction 
changed  along  with  the  fhore  on  each  fide  the  cape,  fo  as  to  be 
found  fome  points  of  the  compafs  on  one  fide  different  from  what  it 
is  on  the  other. 


C  44  I 
OF    WATER, 

AS    IT    EXISTS    IN    THE    ATMOSPHERE  : 


Its  Ascent  in  Vapour t  Condensation  into  Clouds^  and  Precipitation  in 
Rain,  Hai/,  or  Snow. — The  Cause  of  Squalls,  Tornadoes  ^  and  Hurri- 
canes.— An  Estimation  of  the  Quantity  of  Water  collected  for  supplying 
the  great  Rivers  that  rise  between  the  Tropics  in  SOUTH  AMERICA. — 
With  the  Effects  the  Ascent  of  Vapour  y  its  Condensation  and  Preapi- 
tatisn,  have  upon  the  Winds  and  Weather  on  the  North  ATLANTIC* 
the  Continents  of  EUROPE,  AFRICA^  and  NORTH  AMERICA. 


A  HE  feparation  of  water,  and  its  expanfion  into  vapour,  fo  as  to 
float  in  the  air,  is  a  fubjeft  which  appears  not  to  be  as  yet  fatisfac- 
torily  accounted  for,  notwithstanding  the  many  hypothefes  that  have 
hitherto  been  advanced  concerning  it ;  therefore  I  fhall  fay  nothing 
about  it  here,  but  leave  it  to  the  difcuffion  of  thofe  of  more  ability, 
knowledge,  and  experience  in  philofophy  ;  and  content  myfelf  with 
obferving,  that  from  the  rife  of  vapour,  the  quantity  of  water  which 
floats  in  the  air  is  fo  great  as  to  form  a  confiderable  part  of  the  At- 
mofphere  in  the  lower  regions. 

Vapour  is  found  to  rife  in  all  temperatures  above  freezing,  and 
the  greater  the  heat  either  in  the  water  or  moifture  from  which  it 
rifes,  or  in  the  air  into  which  it  afcends,  the  greater  will  be  the 
quantity  that  will  rife  from  the  former,  and  will  float  in  the  latter. 
Now  fince  it  is  found  by  experiments,  that  vapour  rifes  more  plenti- 
ful in  vacuo  than  in  the  open  air, '  it  may  from  thence  be  inferred 
that  air  is  rather  an  impediment  to  its  rife  ;  from  which  it  appears, 
that  it  is  by  virtue  of  its  own  elafticity  receiyed  from  the  heat  of  ei- 
ther the  water  from  whence  it  rifes,  or  of  the  air  into  which  it  af- 
cends communicated  to  the  furface  of  the  water,  that  it  feparates, 
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rlfes,  and  expands,  and  being  by  this^expanfion  of  lefs  gravity  than. 
the  air,  floats  in  it ;  and  if  the  air  be  of  the  fame  or  of  a  greater  de- 
gree of  heat  than  the  water  from  whence  the  vapour  rifes,  they 
unite  and  mix  together,  from  a  ready  difpofition  in  each  for  that 
purpofe,  and  become  invifible  to  the  eye  ;  but  if  the  air  be  colder 
than  the  water,  the  vapour  immediately  upon  emerfion  condenfes 
and  becomes  vifible,  as  in  the  cafe  of  fleam. 

But  whether  by  thus  mixing  and  becoming  invifible,  the  vrater  by 
diflblving  enters  and  lodges  in  the  interflices  of  the  air,  in  the  fame 
manner  as  fait  diflblved  in  water  does,  thereby  increafing  the  weight 
without  enlarging  the  dimenfions,  or  by  keeping  feparate,  it  increaf- 
es  the  dimenfions  of  the  mafs  in  proportion  to  the  quantity  added, 
I  will  not  take  upon  me  to  determine  ;  only  I  am  rather  inclined  to 
the  former  opinion,  namely,  that  the  water  reduced  to  vapour,  by 
diflblving  in  the  Atmofphere,  increafes  its  weight  without  material- 
ly enlarging  its  dimenfions  ;  and  that  it  ia  upon  being  feparated  it 
becomes  vifible  in  fleam,  fogs,  clouds,  &c.  I  am  induced  to  be  of 
this  opinion,  by  obferving,  that  the  Atmofphere,  be  it  ever  fo 
warm,  is  heavieft  when  clear ;  for  it  is  well  known,  that  vapour 
while  tranfparent  is  generally  lighter  than  the  air  it  floats  in,  con- 
fequently  did  it  occupy  a  feparate  fpace,  the  mafs  compofed  of  both 
mufl  be  lighter  than  if  wholly  compofed  of  air  ;  alfo  the  mafs  in  a 
tranfparent  flate  would  be  lighter  than  when  the  vapour  is  condenf- 
ed  into  a  cloud,  or  into  fog,  becaufe  in  the  lafl  flate  it  occupies 
a  lefs  fpace ;  whereas  the  Atmofphere  is  found  in  general  to  be 
lightefl  when  hazy,  foggy,  or  cloudy. 

As  vapour  expands  by  heat  quicker,  and  in  a  much  greater  degree 
than  air,  it  hence  follows,  that  the  greater  the  heat,  the  greater 
will  be  the  expanfion  of  the  vapour  above  that  of  the  air,  and  the 
greater  the  quantity  of  vapour  that  will  float  in  it ;  therefore  when 
a  warm  Atmofphere  is  loaded  with  vapour,  a  colder  degree  of  tem- 
perature taking  place  will  condenfe  the  vapour  quicker  than  the  air, 
by  which  the  former  mufl  feparate,  becaufe  of  the  air  not  being  able 
to  lodge  or  fupport  the  fame  quantity  in  a  cooler  temperature  ;  this 
circumflance  may  be  feen  to  take  place,  when  upon  emerfion  the 
vapour  is  warmer  than  the  air  it  riles  into  ;  as  in  the  cafe  of  fleam, 
which  upon  rifing  into  a  cooler  air  immediately  condenfes,  and  be- 
comes vifible  ;  and  if  the  air  be  of  a  warm  evaporating  temperature, 
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the  fleam,  after  accommodating  itfelf  to  that  temperature,  will  dif- 
folve  again,  evaporate,  and  become  invifible.  The  fame  may  fre- 
quently be  obferved  of  clouds  from  a  cold  climate  when  meeting  with 
a  warmer  temperature,  and  of  a  morning  fog  when  the  fun  gets  up, 
by  their  evaporating  and  becoming  invifible;  alfo  according  to  this 
theory  it  is  very  probable,  that  rain  while  falling  through  a  warm 
temperature  may  lofe  fomething  by  evaporation  ;  from  which  cir- 
cumftance  it  is  poffible,  that  a  flight  fhcwer  from  a  very  high  cloud, 
in  warm  weather,  may  all  evaporate  on  its  way  down,  fo  as  none  to 
reach  the  furface  of  the  earth. 

The  condenfation  of  vapour  is  always  too  fudden  for  the  whole 
fpace  it  occupies  in  its  full  expanfion  to  contract  toward  a  centre, 
therefore  its  condenfation  confifts  of  extremely  fmall  fpaces  of  the 
expanfion  contracting  and  feparating  from  each  other,  and  forming 
fmall  globules  or  maffes,  whofe  fize  is  in  proportion  to  the  quantity 
of  water  contained  in  the  contracted  fpace,  and  denfity  to  the  degree 
of  cold  they  are  condenfed  by  •,  fo  that  the  greater  the  cold  is,  the 
more  of  the  vapour  contained  in  the  contracting  fpace  will  be  con- 
denfed by  it ;  therefore  the  warmer  and  the  more  replete  with  va- 
pour the  Atmofphere  is,  and  the  greater  and  more  fudden  the  cold, 
the  larger  and  denfer  will  the  contracted  globules  be.  From  all 
which  circumftances  it  appears,  that  in  Atmofphere  replete  with  va- 
pour, the  quantity  condenfed  is  only  according  to  the  cold  applied  ; 
fo  that  after  a  firft  condenfation  takes  place,  a  greater  degree  of  cold 
will  produce  a  fecond,  and  fo  on,  until  it  arrive  at  a  fevere  freezing 
temperature ;  after  which  it  appears,  that  either  no  more  water  is 
left  in  the  air,  or  elfe  that  no  more  will  feparate  from  it  by  the  com- 
mon operations  that  take  place  in  the  Atmofphere. 

The  fmall  globules  thus  formed  by  condenfation,  appear  to  be  fur- 
rounded  by  feme  repelling  principle  acting  to  extreme  fmall  dif- 
tahces,  by  which  they  are  preferved  from  uniting  by  their  gravitation 
into  a  mafs.  Now  as  the  electric  fluid  is  found  from  experiments 
to  abound  in  the  Atmofphere,  and  to  be  in  greater  plenty  in  clouds 
than  elfewhere;  therefore  fmce  clouds  arecompofed  of  thefe  globules 
formed  of  condenfed  vapours  as  above  defcribed,  and  the  electric 
fluid  having  a  great  propenfity  for  collecting  about  fubftances  of  that 
nature,  it  may  be  naturally  fuppofed,  that  by  collecting  round  each  of 
thefe  globules  it  forms  this  repelling  force  which  keeps  them  feparate, 
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and  by  its  levity  helps  to  fupport  them  afloat  in  the  Atmofphere, 
which  accounts  for  its  greater  abundance  in  a  cioud  than  elfewhere ; 
and  we  are  more  led  to  admit  of  this  fuppofition,  becaufe  the  appear- 
ances obfervable  in  clouds  exactly  correfpond  with  it.  Thus  the 
larger  the  globules  are,  the  more  eleftric  fluid  muft  be  attached  to 
them,  in  order  to  keep  them  afloat;  and  as  the  heavieft  clouds  are 
compofed  of  the  largeft  globules,  we  therefore  find  that  they  always 
contain  the  greatcft  quantity  of  electric  fluid ;  fo  that  when  thefe  glo- 
bules are  made  to  unite  into  drops,  the  electric  fluid  which  furroun- 
ded  them  will  in  a  great  part  be  difengaged,  and  collecting  in  quan- 
tities, (from  having  nothing  to  attach  itfelf  to),  will  be  put  in  motion 
by  its  accumulation  producing  thefe  unaccountable  appearances  of 
motion  that  we  fometimes  fee  in  clouds ;  and  if  the  accumulation  is 
great,  it  will  become  more  active,  producing  thunder  with  its  light- 
ning, &c. 

The  ele&ric  fluid  furrounding  thefe  globules,  will  no  doubt  help 
to  preferve  them  from  the  fro  ft,  when  it  is  only  in  a  flight  degree; 
for  it  is  evident  that  water,  in  a  fluid  (late,  floats  in  the  Atmofphere. 
in  clouds  at  the  time  it  is  freezing  upon  the  ground.    No  doubt  this, 
in  fome  circumftances,  may  be  occafioned  by  the  Atmofphere  at  that 
height  retaining  a  fufEciency   of  warmth  to  keep   the  clouds  from 
congelation,  while  the  denfe  frofty  Atmofphere  below  is  extending 
itfelf  along  the  furface  of  the  earth,  by  its  fuperior  weight  carrying 
its  freezing  qualities  along  with  it.     Indeed  a  cloud  of  great  eleva- 
tion being  congealed  to  fnow,  may,  from  the  flownefs  of  its  defcent, 
float  a  confiderable    time  before  it  falls  to  the  ground.     But  that 
water  will  float  in  a  fluid  ftate  in  the  Atmofphere,  in  a  temperature 
that  freezes  it  upon  the   ground,  may  be  feen  in  what  are  called 
frofty  fogs,  as  they  often  happen  upon    morafles  and  collections  of 
frefh  water,  particularly  if  (hallow.     I   have  feen  thefe  frofty  fogs 
upon  the  fhallows  about  the  mouth  of  the  Thames,  and  obferved 
that  the  globules  adhered  and  froze  upon  any  fubftance  the  inftant 
they  touched  it ;  in  fo  much,  that  a  (hip  lying  (till  at  anchor  would 
have  her  rigging  in  a  fhort  time  loaded  with  ice,  by  thefe  globules 
adhering   and  freezing  upon  it.     Now  it  is  evident  that  thefe  glo- 
bules muft  be  in  a  fluid  itate  while  floating,  becaufe  of  their  adhe- 
rence upon  touching  ;  for  were  they  froze  into  ice,  they  could  not 
adhere,    but  muft  tumble   and    fall  the    moment  they  touch  any 
fubftance 
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It  no  doubt  may  be  aflced,  that  as  water  floats  in  the  air," why  may 
it  not  float  in  a  frozen  as  well  as  in  a  fluid  (late,  as  the  former  in- 
ftead  of  condenfing  rather  enlarges  its  dimenfions  ?  to  which  it  may 
be  anfwered,  that  the  dimenfions  or  fpace  occupied  by  water  in 
globules  while  in  a  fluid  Mate,  cannot  be  afcertained  from  what  is 
yet  known  concerning  them  ;  therefore  for  ought  we  know,  they 
may  be  hollow  or  otherwife  dilated  fo  as  to  enlarge  their  dimen- 
fions ;  neither  is  it  known  what  fize  or  form  they  might  aflame  in  a 
frozen  flate.  But  all  thefe  conjectures  will  be  rendered  ufelefs,  if 
we  fuppofe,  that  upon  the  globules  being  froze,  the  electric  fluid 
withdraws  its  fupport,  and  leaves  them  to  fall.  However,  be  all 
thefe  as  they  may,  no  obfervation  or  experiment  hath  yet,  as 
I  believe,  found  water  in  a  frozen  ftate  fufpended  in  the  Atmof- 
phere ;  and  what  further  leads  to  this  fuppofition  is,  that  the  At- 
mofphere  is  found  continually  parting  with  its  water  by  every  in- 
creafe  of  cold,  until  in  the  polar  climates,  where  intenfe  froft.  hav- 
ing continual  pofleflion,  no  clouds  or  vapour  is  ever  to  be  feen, 
confequently  no  fall  of  watery  fubftance  out  of  the  Atmofphere 
takes  place.  It  is  impoflible  for  water  diffufed  the  fame  as  when  in 
vapour  to  float  in  a  frofty  Atmofphere,  becaufe  of  the  froft  depriv- 
ing it  of  its  elafticity ;  and  if  when  floating  in  frozen  globules  it  be 
imagined  that  the  tranfparency  of  ice  renders  it  invifible,  furely  wa- 
ter is  as  tranfparent  in  a  fluid  as  in  a  frozen  ftate  ;  there/ore  fhould 
any  quantity  of  it  float  in  a  frozen  ftate,  it  muft  collect  in  mafles  by 
the  gravitation  of  its  parts,  in  the  manner  it  does  in  clouds  when  in 
a  fluid  ftate,  and  become  vifible  by  either  obfcuring,  refracting, 
or  reflecting  the  light  in  the  manner  clouds  do. 

As  an  inftance  of  the  drynefs  of  a  frozen  Atmofphere,  I  have  been 
told  by  people  who  have  refided  in  frozen  countries,  that  during  in- 
tenfe froft,  the  Atmofphere,  by  the  leaft  warmth,  fucks  the  moifture 
out  of  the  floors  and  furniture  of  the  houfes,  leaving  them  as  parch- 
ed as  if  expofed  to  the  moft  drying  wind  in  the  heat  of  fummer ; 
and  we  know  from  daily  obfervation,  that  the  winds  from  a  cold 
climate  are  thofe  of  a  moft  drying  nature.  Indeed  the  drynefs  of 
the  Atmofphere  may  not  be  fo  eafily  perceived  in  frozen  countries, 
becaufe  the  prefence  of  any  living  creature  always  carries  warmth 
along  with  it,  and  the  leaft  warmth,  by  thawing,  always  produceg 
jnoiliure  ;  and  to  this  circumftance  it  perhaps  may  be  owing  that 
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the  idea  of  the  evaporation  of  ice  is  propagated ;  and  even  ad- 
mitting that  ice  may  lofe  by  evaporation,  any  moifture  raifed  by  the 
extreme  thirftinefs  of  the  frofty  Atmofphere  is  immediately  let  fall 
again,  as  may  be  feen  by  a  frofty  wind  blowing  ftrong  from  the 
land  upon  the  furface  of  the  fea  near  it,  or  other  water  while  in  a 
fluid  ftate,  by  the  aftonifhing  evaporation  it  produces,  which  by 
condenfmg  the  inftant  it  emerges  from  the  water,  becomes  vifible, 
and  refembles  fteam  riling  from  a  boiling  caldron  ;  but  the  Atmof- 
phere being  too  cold  to  retain  this  evaporation,  it  immediately  upon 
condenfing  'falls  down  in  drops,  and  freezes  the  inftant  it  touches 
any  fubftance,  fo  that  none  of  it  remains  in  the  Atmofphere  while  in 
a  frozen  ftate. 

From  what  hath  been  faid  it  will  readily  appear,  that  it  is  only 
from  heat  that  water  is  converted  into  vapour,  receives  its  elaftici- 
ty,  mixes  with  and  diflblves  in  the  air  ;  and  although  it  may  be  faid 
to  be  feparated  from  the  air  when  in  haze  clouds  or  fogs,  and  in  that 
ftate  is  enabled  to  float  by  the  help  of  the  ele&ric  fluid  or  fome  other 
principle,  fo  long  as  it  is  in  a  fluid  ftate,  yet  upon  being  froze,  the 
whole  of  it  finally  feparates  from,  and  by  falling,  quits  the  air  alto- 
gether, nor  can  it  exift  in  it  while  in  a  frozen  ftate,  unlefs  it  be  fup- 
pofed  that  a  fmall  portion  in  form  of  exhalation  may  float  in  parti- 
cles fo  very  fmall,  few,  and  feparated,  as  to  have  no  fenfible  gravi- 
tation fo  as  to  collect  in  mafles  ;  and  from  thefe  circumftances  it  can 
only  be  within  the  temperate  regions  that  water  exifts,  and  forms 
part  of  the  Atmofphere,  being  there  defigned  by  the  great  AUTHOR 
OF  NATURE  for  the  fupport  and  comfort  of  animal  and  vegetable  life ; 
fo  that  the  far  greater  part  of  the  Atmofphere  lying  without  the 
temperate  regions,  by  being  in  a  perpetual  frozen  ftate,  hath  no  ufe 
for  water,  and  is  therefore  deftitute  of  it. 

As  vapour  feparates  and  rifes  from  water  more  by  the  elafticity  it 
receives  from  the  heat,  than  by  any  attraction  of  the  air,  (efpecially 
if  the  air  is  already  faturated  with  it  to  any  confiderable  degree) 
it  will  therefore  in  warm  and  ftill  weather,  by  continually  endea- 
vouring to  rife  fafter  than  the  air  will  receive  it,  be  found  in  great 
abundance  upon  the  furface  of  water,  morafies,  and  wet  places, 
refting  upon  the  furface,  fupported  and  lying  expanded  by  its  own 
elafticity,  and  from  more  vapour  continually  endeavouring  to  rife 
together,  with  the  weight  of  that  which  is  already  up,  and  not  fup- 
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ported  by  the  air,  it  becomes  of  greater  denfity  than  the  Atmofphcre 
over  it,  fo  that  objefts  feen  through  it  are  by  its  refraction  made  to 
•appear  higher  than  they  really  are,  and  often  with  their  fliape  alter- 
ed and  diilorted  by  an  undulating  motion  caufed  by  the  vibrating 
motion  arifmg  from  the  great  elaflicity  of  the  expanded  vapour, 
thereby  having  in  the  whole  that  curious  appearance  which  failors 
call  looming.  (The  reflection  of  land,  houfes,  trees,  &c.  by  the 
glofly  furface  of  the  water  under  them,  as  feen  in  calm  and  flill 
weather,  is  likewife  often  called  looming,  but  the  former  are  thofe 
appearances  which  properly  come  under  that  appellation).  Thefe 
looming  appearances  arc  often  feen  upon  woods  where  there  is 
brufhwood,  or  whatever  retains  moifture,  but  feldom  in  dry  barren 
places,  and  never  in  frofly  weather,  unlefs  the  froft  be  very  flight 
indeed  ;  alfo  a  heavy  {bower  always  difperfes  thefe  looming  appear- 
ances, by  carrying  the  vapour  thus  refting  upon  the  furface  down 
with  it,  which  accounts  for  the  rain-gages  near  the  ground  collect- 
ing more  water  than  thofe  placed  at  any  confiderable  height  above 
it. 

When  in  the  above  manner  the  vapour  has  accumulated  over  any 
place,  it  will  retard  the  rife  of  more  by  its  preflure,  and  the  want  of 
room  for  more  when  rifing  to  expand  ;  and  this  hindrance  to  the 
rife  of  more  vapour  will  continue  until  a  breeze  of  wind  fweeps 
away  the  incumbent  mafs,  after  which  more  will  rife  in  great  plen- 
ty till  again  retarded  by  accumulation  ;  hence  we  fee  the  reafon  of 
things  drying  fo  much  fooner  where  there  is  a  breeze  of  wind,  than 
they  do  in  a  calm,  becaufe  the  wind  by  continually  fweeping  away 
the  vapour  as  it  rifes,  leaves  room  for  more  to  rife  immediately 
after,  and  there  is  no  doubt  but  it  is  part  of  this  accumulated  vapour 
reding  upon  the  furface  by  being  condenfcd  by  the  night  cold,  and 
falling  upon  the  ground,  which  forms  the  dew,  and  when  the  cold  is 
intenfe  enough  to  freeze  it  upon  falling,  it  then  becomes  hoar  froft. 

Here  it  may  not  be  improper  to  remark,  that  in  the  fall  of  the 
year,  when  hoar  froft  firft  commences,  that  it  is  always  cbferved  to 
take  place  nearly  about  the  fame  time  at  the  bottom  of  the  vallies, 
and  upon  the  fide  of  the  mountains,  whereas  fnov/  upon  falling  will 
often  lie  upon  the  tops  and  fides  of  the  mountains,  down  to  a  line  of 
equal  elevation,  below  which  it  melts  and  falls  in  rain,  by  the  greater 
warmth  of  the  lower  Atmofphere  in  the  valleys.  Now  if  freezing 
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took  place  only  according  to  the  cold  in  the  Atmofphere,  the  hoar 
froft  would  firft  take  place  upon  the  tops  of  the  hills,  and  like  the 
{"now,  would  at  times  be  found  only  upon  the  tops  and  fides  of  the 
mountains,  down  to  a  certain  elevation,  while  the  valleys  would  be 
free  from  it.  That  from  the  greater  cold  in  the  Atmofphere  the 
high  lands  are  firft  affe&ed  by  froft,  is  not  to  be  denied,  only  the 
diftindtion  is  not  fo  vihble  as  the  difference  in  temperature  would  ' 
lead  us  to  fuppofe,  which  rriuft  be  owing  either  to  a  greater  difpofi- 
tion  in  water  toward  freezing,  when  touching  any  folid  fubftance, 
than  it  has  while  floating  in  the  air,  or  elfe  (what  hath  already  been 
advanced,  and  which  I  think  rnoft  probable)  to  the  water  being  pre- 
ferved  from  freezing  by  the  electric  fluid,  or  forne  other  fubtle  qua- 
lity attached  to  it  while  afloat  on  the  air,  which  by  quitting  it  upon 
touching  any  folid  fubftance,  leaves  it  to  the  full  effe&  of  the  cold. 

As  to  the  looming  appearances  above-mentioned,  I  have  remark- 
ed, that  they  are  greater  upon  the  coafts  of  North  America  than 
they  are  upon  the  coafts  of  Europe,  which  is  no  doubt  owing  to  the 
land  in  the  former  being  fo  much  covered  with  woods,  which  prc- 
ferve  the  ground  moift,  and  by  being  a  low  country,  it  is  iuter- 
fperfed  with  fwamps  and  rivers.  Alfo  the  banks  or  fhoals  in  the  fea 
along  this  coaft,  exhibit  thefe  looming  appearances  more  than  banks 
of  the  fame  nature  and  depths  do  upon  the  coaft  of  Europe,  which 
together  with  the  frequent  fogs  upon  them,  muft  be  caufed  by  the  great 
quantity  of  vapour  rifmg  from  the  gulf  ftream,  flowing  along  their 
outer  edges,  on  account  of  its  greater  warmth,  and  carried  from 
thence  by  foutherly  winds  to  the  northward  upon  thefe  banks, 
where  it  is  condenfed  by  the  greatsr  cold  there ;  for  it  is  obferv- 
ab'.e,  that  the  gulf  ftream  and  ocean  to  the  fouthward  of  it,  is  (from 
the  water  of  them  flowing  from  the  Weft  India  feas)  warmer  than 
the  feas  upon  the  European  coafts  ;  and  the  water  upon  the  Nova 
Scotia  and  Newfoundland  banks  are  colder  than  the  European  feas, 
becaufe  it  flows  from  the  Greenland  fens',  as  appears  by  the  q  ia  L-. 
tities  of  ice  carried  yearly  to  the  fouthward  by  it.  Thefe  Iborning 
appearances  when  feen  by  mariners,  are  a  fure  (Ign  of  being  upon 
foundings,  or  near  it,  as  they  never  appear  in  the  deep  ocean. 

As  cold  is  the  principal  caufe  of  the  condenfation  of  vapour,   it 

hence  follows,   that   vapour  is   condenfed   into  clouds   on  afcending 

.  into  n  higher  regkm  ;  becaufc  of  the  increafe  of  cold  there,  and  the 
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more  vapour  that  floats  in  the  air,  the  Icfs  cold  is  required  to  corr- 
denfe  it;  fo  that  in  this  laft  cafe,  the  clouds  will  be  formed  lower 
down:  alfo  the  condenfatiou  will  be  accelerated  in  the  higher 
regions,  by  the  decreafc  of  denfity  there;  becaufe  the  lefs  denfe  the 
air  is,  the  lefs  vapour  it  will  fuftain.  From  thefe  circumftances,  the 
vapours  will  rife  higher  in  the  equatorial  climates  before  it  condenfes, 
than  it  will  in  the  climates  toward  the  Poles  j  becaufe  in  the  firft 
place,  the  heat  rifes  to  a  greater  height  for  keeping  the  vapour  fufpen- 
ded  in  it ;  and  in  the  fecond  place,  from  this  greater  heat  the  denfi- 
ty decreafes  in  a  lefs  proportion  according  to  the  altitude,  and  thus 
will  be  able  to  fupport  the  vapour  at  a  greater  height,  fo  that  the 
clouds  float  higher  there,  and  occupy  more  perpendicular  fpace, 
than  they  do  in  the  cold  climates. 

Vapour  is  alfo  condenfed  by  the  increafe  of  cold  on  moving  from 
the  equatorial  toward  the  Polar  climates.  This  increafe  of  cold  may 
be  faid  to  begin  at  the  Tropics  ;  and  without  the  Tropic  of  Cancer, 
the  vapour-  carried  to  the  northward  by  a  foutherly  wind  on  its  firft 
beginning  to  condenfe,  may  be  perceived  in  the  higher  region  by 
appearing  in  a  white  haze,  and  as  the  condenfation  goes  on,  it  gra- 
dually darkens  and  defcends  until  it  become  a  denfe  heavy  cloud, 
which  in  a  fhort  time  generally  difcharges  itfelf  in  rain.  Should 
any  fmall  clouds  from  another  direction  meet  or  join  this  conden- 
fation while  it  is  taking  place,  they  commonly  evaporate  and  difap- 
pear  in  the  condenfing  mafs.  As  thefe  condenfations  of  vapours 
moving  from  the  equatorial  to  the  Polar  regions,  take  place  every 
where  without  the  Tropic  to  where  the  froft  has  pofleflion  of  the 
Atmofphere;  and  as  no  condenfation  is  ever  feen  to  take  place,  or 
clouds  to  form  in  the  froft,  it  is  evident  that,  (a"s  before  mentioned), 
the  air  parts  with  the  water  contained  in  it,  only  in  proportion  as  the 
cold  increafes,  until  it  arrives  at  an  eftabliihed  froft,  in  which  ftate 
the  air  is  deprived  of  nearly,  if  not  all  its  water. 

When  treating  of  the  caufe  of  winds,  it  was  fhewn  that  it  is  near 
the  furface  of  the  earth,  underneath  the  fun's  perpendicular  rays,, 
where  the  Atmofphere  receives  its  greateft  heat,  and  by  being  moft 
rarefied  there,  it  is  forced  in  a  continual  ftreani  upwards,  by  that 
which  is  cooler  and  denfer  flowing  in  from  the  lateral  parts  by  its 
fuperior  weight,  and  forcing  the  lighter,  by  floating  higher,  to- 
gfve  it  place.  Now  the  Atmofphere,  thus  nWing.  in  from  the  la- 
teral 
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teral  parts,  being  loaded  with  vapour,  which  being  rarefied  by  the 
fun's  warmth,  and  more  vapour  continually  rifing,  and  the  whole 
being  forced  into  a  higher  region,  by  more  denfe  Atmofphere  flow- 
ing in  below,  the  vapour  which  is  thus  forced  up,  upon  coming  into 
a  colder  region  will  condenfe  much  quicker  than  the  air,  and  be- 
come too  heavy  to  float  in  it.  Thus  feparating,  it  will  defcend  in 
condenfed  globules  forming  a  -cloud,  which  muft  accumulate  by  the 
addition  of  more  globules  continually  left  condenfed  by  the  afcen- 
ding  air,  until  they  become  too  numerous  for  the  fpace,  and  too 
heavy  for  the  air  to  fupport;  therefore,  by  crouding  together,  and 
from  the  internal  motion  incident  to  the  whole  procefs,  fome  of 
them  will  be  forced  fo  near  each  other,  that,  overcoming  the  repel- 
ling property  which  kept  them  feparate,  they  will  joftle  and  unite  ; 
forming  drops,  whofe  weight  being  increafed  in  a  much  greater  pro- 
portion than  their  fuperficial  dimenfions,  they  will  defcend ;  and  in 
their  defcent  ftrike  againft,  and  unite  with  more  globules  coming  in 
their  way  as  they  pafs  down  through  the  cloud,  thus  increafing  as 
they  defcend.  Thefe  drops  falling,  will  communicate  motion  to  the 
air  through  which  they  fall,  which  will  caufe  more  globules  to  joftle, 
unite,  and  form  drops;  and  they  in  like  manner  others,  and  fo  on, 
until,  by  increafing  the  number,  the  fhower  become  general,  which 
continuing,  will  foon  exhauft  the  cloud — this  will  produce  a  rare- 
faction in  the  Atmofphere;  firft,  by  its  expanding  to  fill  up  the 
fpace  the  cloud  occupied,  and  again,  from  the  removal  of  the  weight 
of  water  defcended  in  the  fhower;  which  rarefication  will  caufe  more 
vapour  to  condenfe,  and  from  the  motion  already  excited,  this  laftcon- 
denfation  will  coalefce  in  drops,  and  they  again  falling,  will  prolong 
the  fhower.  Thus  we  fee  that  a  fhower  once  begun,  may  be  prolong- 
ed beyond  the  fupply  at  firft  contained  in  the  cloud,  from  the  condcn- 
fation  of  more  vapour  joining  and  continuing  it,  efpecially  if  the  tem- 
perature is  not  very  cold,  and  the  air  replete  with  vapour.  Hence 
we  fee  the  caufe  that  between  the  Tropics  the  rainy  feafon  always 
takes  place  where  the  fun  is  vertical. 

As  it  is  by  the  globules  uniting  and  forming  into  drops,  which  be- 
come too  heavy  for  the  air  to  float,  that  a  cloud  precipitates  in  rain, 
it  hence  follows,  that  every  circumftance  or  motion  that  is  fufficicnt 
to  overcome  the  repulfion,  nnd  caufe  the  globules  to  unite,  will  have 
this  efteft,  by  producing  drops  which  muft  defcend  by  their  weight. 

Thus 
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Thus  we  fee,  that  the  line  of  a  fifhing  rod,  making  a  fweep  through 
a  denfe  watery  fog,  will,  by  dafhing  the  globules  together,  produce 
drops  that  may  be  feen  falling  upon  the  water ;  alfo,  a  denfe  fog 
being  carried  by  a  breeze  of  wind  through  the  branches  of  a  tree,  the 
rigging  of  a  (hip,  or  meeting  wjth  any  other  obftruction  which  from 
commotion  the  globules  may  be  made  to  joftle  and  unite,  will  pro- 
duce drops.  In  like  manner,  when  clouds  are  tofled  about  by  irre- 
gular or  adverfe  winds,  although  they  may  not  be  very  denfe,  yet 
their  globules,  or  at  leaft  many  of  them,  will  be  daflied  together  and 
fall  in  drops;  from  which  it  appears,  that  it  is  only  the  clouds  that 
are  leail  difturbecj,  and  have  time  to  incrcaie  in  denfity  and  perpen- 
dicular diinenfions,  that  fall  in  the  heavieft  mowers  ;  and  thofe  that 
are  tofled  about  by  the  wind,  fall  in  light  but  frequent  mowers. — 
Alfo  the  electric  fluid  by  its  motion  is  no  doubt  frequently  the  caufe 
of  rain,  and  the  fheets  of  water  that  are  fometimes  feen  to  fall  fud- 
denly  from  thunder  clouds,  may  be  caufed  by  the  lightning  darting 
through  it,  and  daihing  together  in  a  mafs  great  quantities  of  the 
globules. 

But  the  frofi  may  be  accounted  the  laft  caufe  of  the  precipitation 
of  a  cloud,  by  the  fupport  which  floats  the  globules  in  the  air,  leav- 
Jng  them  immediately  upon  being  frozen;  this  mud  happen  either 
in  the  upper  regions,  or  upon  approaching  the  polar  cold;  in  the 
iaft  cafe  the  clouds  arc  frequently  converted  to  drops  by  the  great 
agitation  of  the  Annofphere,  which  generally  takes  place  between 
the  t  Jinperate  and  frozen  regions,  and  being  frozen  upon  defcending 
h  a  colder  region  beiow,  fall  in  hail ;  but  if  the  cloud  is  fro- 
zen before  the  drops  are  formed,  they  fall  in  flakes  of  fnow ;  from 
all  which  circumfbuces  it  may  be  feen,  that  the  precipitation  of 
clouds  depends  either  on  the  decreafe  of  denfay  in  the  Atmofphere, 
the  iucveafc  of  cold,  together  with  the  quantity  of  internal  motion, 
and  what  is  perhaps  molt  common,  a  combination  of  thefe. 

Clouds  always  appear  in  maffes  of  greater  or  lefs  magnitude,  by 
the  gravitation  'of  their  parts,  and  are  feparated  or,  dafned  together 
in  various  forms  and  pofitions,  by  the  force  and  violence  of  winds, 
or  other  accidental  caufcs. — That  clouds  have  a  conuderable  degree 
oi  attra£tipn  by  gravitation,  is  viable,  by  their  auherirg  to  the  tops 
of  mountains,  for  I  have  frequently  obferved  a  cload  attracted  by  a 
mountain,  fo  as  to  defcend  fvora  a  considerable  height  and  reft  upon 
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its  fummit.  Indeed  it  may  be  generally  obferved,  that  no  cloud 
will  pals  near  a  mountain  without  the  whole  or  :i  part  of  it  being 
drawn  toward  it  by  attraction. 

During  calm  and  warm  weather,  with  the  fry  interfperfed  with 
fhowery  detached  clouds,  I  have  frequently,  and  with  a  great  deal 
of  attention,  obferved  thefe  clouds  when  lying  in  a  horizontal  direc- 
tion where  I  could  belt  fee  their  perpendicular  dimenfions,  while 
condenfing  and  falling  in  rain  ;  clouds  of  this  defcription  commonly 
have  their  lower  parts  dark  and  of  a  denfe  appearance,  which,  in 
addition  to  their  being  compofed  of  the  heavieft  globules,  is  no 
doubt  owing  to  their  being  fhaded  from  the  fun's  rays  by  the  upper 
parts  ;  which  upper  parts,  by  the  fun's  fhining  upon  them,  appear 
bright  and  luminous  in  volumes  towering  over  each  other.  When 
about  to  difcharge  itfelf  in  rain,  the  cloud  increafes  its  perpendicu- 
lar dimenfions  by  an  internal  motion  of  feemingly  the  heavieft  glo- 
bules or  particles  defcending  and  leaving  the  lighted  behind,  thus 
lengthening  downward  until  it  arrive  at  a  certain  height,  where  it 
begins  to  form  a  denfe  dark  bafe,  and  as  this  bale  forms,  the 
fhowcr  is  feen  beginning  todetcend  through  it,  increafmg  in  quanti- 
tv  ;v;  the  bafe  does  in  fize.  While  the  fhower  is  falling,  the  par- 
ticles or  globules  competing  the  upper  part  of  the  cloud,  may,  to  ap- 
pearance, be  diftin&ly  feen  defcending,  the  heavieft  lirft,  through 
the  reft  of  the  cloud  to  the  bafe  -,  thus  the  cloud  gradually  vaniihes, 
the  upper  part  iirft,  until  nearly  or  altogether  exhaulted;  and  if  any 
remain  after  the  fhower  ceafes,  (which  is  often  the  cafe  in  warm 
climates)  it  immediately  afcends  higher  in  the  Atmofphere.  During 
the  whole  time  the  cloud  is  difiblving,  and  the  fhower  falling,  the 
bale  continues  at  the  fame  elevation,  unlefs  agitated  by  wind,  and 
frequently  we  fee  fragments  fi'om  it  defcend,  to  appearance,  as  if 
feparated  and  forced  down  by  the  impetuofity  of  fome  part  of  the 
fhower.  From  the  addition  the  drops  are  continually  receiving  by 
the  globules  uniting  as  they  defcend,  it  will  readily  appear,  that 
the  more  the  cloud  is  in  perpendicular  dimenfions,  the  larger  will 
the  drops  that  compofe  the  ihower  be,  from  the  greater  quantity  of 
globules  that  will  unite ;  therefore  we  find,  that  the  heavieft 
ii  lowers  containing  the  largeft  drops  fall  in  the  wanneit  climates, 
becaufe  not  only  the  clouds  being  comnofed  of  larger  globules,  frcm 
the  greater  quantity  of  vapour  floating  there,  but  allo  the  temperate 
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warmth    rifmg  to  a   greater  height,  the  clouds  from  thence  have 
greater  perpendicular  dimenfions. 

It  is  well  known,  that  the  vanes  of  a  winnowing  machine,  or  any 
other  body  or  bodies,  moving  with  any  degree  of  velocity  through 
the  Atrnofphere,  generate  a  motion  in  it,  by  forcing  along  with 
them  thofe  parts  of  the  Atmofphere  they  difplace,  or  that  comes  in 
contact  with  them  ;  therefore  a  drop  of  water  falling  with  any  de- 
gree of  velocity,  generates  a  motion  downwards  in  that  part  of  the 
Atmofphere  through  which  it  falls,  and  a  number  of  thefe  drops 
falling  together  from  a  confiderable  height,  muft  caufe  a  motion 
downward  in  the  Atmofphere,  in  proportion  to  the  number  and 
velocity  with  which  they  fall ;  hence  we  fee,  that  a  (bower  (be 
it  ever  fo  flight)  falling  upon  the  furface  of  the  fea  in  calm  weather, 
produces  a  breeze  of  wind  upon  that  part  of  the  furface  on  which  it 
falls,  which  is  evidently  occafioned  by  the  Atmofphere  carried  down 
by  the  defcent  of  the  drops  preflmg  againfl  the  furface  of  the  water, 
from  which  the  lower  Atmofphere  is  put  in  motion  to  efcape  in  a 
horizontal  direction  from  that  preflure.  Thefe  breezes  produced  by 
the  falling  of  (bowers  are  by  failors  termed  fqttalls,  and  their  vio- 
lence is  in  proportion  to  the  extent  and  greatnefs  of  the  (liower, 
the  fize  of  the  drops  that  compofe  it,  and  the  perpendicular  height 
from  which  they  defcend ;  hence  we  fee  that  fqualls,  tornadoes, 
and  hurricanes,  are  greateft  where  the  weather  is  warmefl,  becaufe 
(as  hath  beenobferved)  it  is  there  the  heavieft  mowers  fall  from  the 
greateft  height. 

When  a  (hower  and  the  fquall  produced  by  it  happen  where 
there  is  a  breeze  of  wind,  the  wind  produced  by  them  is  a  com- 
pound of  both.  Thus,  if  the  breeze  and  fquall  are  of  equal 
ftrength,  the  wind  to  leeward  of  die  (liower,  by  being  the  united 
forces  of  both  the  fquall  and  breeze,  will  be  double  what  the  breeze 
was  before,  and  that  to  windward  of  the  (hower,  being  their  differ- 
ence, from  their  forces  being  equal,  will  be  a  calm,  and  upon  the 
fides  of  the  (hower,  at  right  angles  with  the  breeze,  the  wind  will  be 
iricreafed,  and  its  direction  altered  fome  points  of  the  compafs  from 
the  (liower.  A  (hower  of  hail  will  have  the  fame  effect  in  produc- 
ing a  fquall  as  a  (hower  of  rain,  but  fnow,  from  the  great  extent  of 
furface  not  allowing  it  to  defcend  but  with  a  (low  motion,  never  pro- 
duces a  fquall  of  any  violence. 

Upon 
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Upon  the  land,  the  comprefled  Atmofphere  carried  down  by  a 
fhower  cannot  rufh  out  and  diffufe  itfelf  with  the  fame  facility  as 
upon  the  fmooth  furface  of  the  fea,  becaufe  of  the  ruggednefs  and 
inequality  of  the  furface  ;  for  which  reafon  a  flight  or  moderate 
fhower  may  not  produce  a  fquall ;  but  when  by  the  violence  of  a 
fhower  a  fquall  is  produced,  from  its  being  generally  forced  along 
fome  valley,  or  down  fome  declivity  by  the  refinance  it  meet* 
from  the  adjacent  hills  and  high  lands,  it  will  be  more  violent  and 
partial  than  thofe  of  equal  magnitude  are  upon  the  fea. 

When  a  cloud  of  confiderable  magnitude  and  extent  is  difcharg- 
ing  and  falling  in  rain  upon  the  furface  of  the  earth,  the  vacancy 
eaufed  by  the  Atmofphere  carried  down  by  the  fhower,  and  the 
wafting  of  the  cloud,  will  be  filled  up  by  the  furrounding  Atmof- 
phere moving  into  the  place  of  that  carried  down,  of  which  the  up- 
per air,  by  finking  down,  will  form  a  confiderable  if  not  the  great- 
er part,  and  the  cold  of  this  upper  air  defcending  with  it,  will  con- 
denfe  the  vapour  carried  in  along  with  the  lateral  parts,  as  well  as 
what  vapour  may  remain  uncondenfed  ;  and  thus  by  adding  to 
the  difcharging  cloud,  prolong  the  fhower,  by  which  means  the 
greateft  part,  or  nearly  the  whole  (in  proportion  to  the  degree  of 
cold)  of  the  vapour  in  the  fpace  occupied  by  the  cloud,  arid  near  it, 
will  be  condenfed  and  precipitated  ;  hence  in  cold  climates,  from 
the  defcending  air  being  of  a  freezing  cold,  we  generally  fee,  that 
immediately  after  a  fall  of  rain,  from  the  vapour  being  all  condenfed 
and  precipitated,  the  flcy  becomes  clear,  efpeeially  toward  night, 
becaufe  of  the  increafe  of  cold  then,  which  is  fometimes  fo  great  a* 
to  produce  a  hoar  froft  upon  the  ground.  It  will  be  naturally  alked, 
why  this  defcending  cold,  from  its  being  of  a  freezing  temperature,, 
does  not  congeal  the  cloud  into  fnow  or  hail  ?  to  which  it  may  be 
anfwered,  that  the  electric  fluid,  by  quitting  the  water  juft  before  it 
is  congealed,  or  upon  its  beginning  to  congeal,  leaves  it  to  defcend, 
confequently  by  defcending  quicker  than  the  cold,  it  is  preferv- 
ed  fluid,  and  falls  in  rain  ;  from  this  circumftance,  as  well  as  front 
the  evaporation  which  is  feen  rifing  into  a  frofty  Atmofphere,  (as 
formerly  defcribetl)  not  being  froze  until  it  falls,  it  would  appear, 
that  a  cloud  is  not  froze  by  cold  defcending  upon  it,  but  by  the 
void  attacking  it  from  below,  of  fuch  intenfity,  that  die  electric 
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fluid  is  not  able  to  preferve  the  globules  from  freezing,  while  dc* 
fcending  through  it. 

After  the  defcent  of  the  fhower,  the  warmth  of  the  neighbouring 
Atmofphere  will,  by  diffufing,  communicate  itfelf  to  this  defcended 
air,  which  by  being  in  a  great  meafure,  or  perhaps  altogether  defti- 
tute  of  vapour,  will  receive  the  vapour  from  the  lateral  warmer  re- 
gions, which  by  difftifion  will  immediately  flow  in  to  reftore  the 
equilibrium,  upon  the  fame  principle  fhat  fait  melting  will  diffufe  it- 
felf through  water,  or  that  a  fcent  diffufes  itfelf  through  a  room  ; 
and  thus  when  this  air  is  faturated  with  vapour  equal  to  that  around 
it,  the  greater  cold  which  may  ftill  remain  will  tend  to  condenfe  it 
into  a  cloud,  which,  by  the  internal  motion  incident  to  thefe  pro- 
cefles,  will  precipitate  in  rain,  and  thus  thefe  operations  will  com- 
mence  again,  and  continue  while  there  is  an  abundant  influx  of  va- 
pour to  carry  them  on  ;  hence  when  rain  commences  in  great  quan- 
tities in  any  particular  place,  we  fee  the  reafon  that  it  generally 
continues  through  intervals,  until  by  a  fhift  of  wind  or  change  of 
feafon  it  is  led  to  ceafe,  and  from  the  continual  defcent  of  the  high- 
er air  to  replace  that  carried  down  by  the  fhower,  we  fee  the  caufc  of 
a  rainy  feafon  being  always  a  cold  one. 

In  the  equatorial  climates,  as  well  as  in  warm  weather  in  other 
countries,  where  the  fea  breeze  blows  in  upon  the  land,  the  vapour 
carried  in  by  this  breeze  being  forced  by  the  rifmg  of  the  land  into  a 
higher  and  colder  region,  may  be  feen  condenfed  in  a  heavy  cloud 
accumulating  during  the  day  by  the  continual  influx  of  more  vapour, 
which  by  imbibing  the  fun's  rays  with  their  warmth,  will  by  expan- 
ding, keep  it  afloat  until  evening,  when  by  the  temperature  becom- 
ing colder,  from  the  fun's  influence  withdrawing,  the  parts  of 
the  cloud  contra£t,  and  by  becoming  too  denfe  to  float,  they  def- 
cend,  and  uniting  in  drops  fall  in  a  fhower  with  a  velocity  propor- 
tionate to  their  fize,  and  the  elevation  from  which  they  fall,  produc- 
ing a  fquall  or  tornado,  whofe  force  will  be  accordingly ;  thus  we 
fee  fhowers  producing  fqualls  or  tornadoes  to  be  common  on  all  fea 
coafts  where  fea  breezes  are,  and  that  they  commence  upon  ths 
increafe  of  the  evening  cold,  continuing  from  thence  until  the  va- 
pour is  exhauited,  through  the  firft  cr  perhaps  the  greateft  part  cf 
the'fyight,  and  tfiat  the  fore  part  of  the  day  until  the  rain  commence 
again  in  the  afternoon,  is  always  the  faireil  part  cf  it-;  indeed  in  ail 
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t'6untries,  the  greateft  part  of  the  rain  that  falls  with  very  warm  wea- 
ther, is  during  the  afternoon  and  the  night,  particularly  where  the 
fummer  nights  are  of  any  length. 

Although  in  warm  climates  the  accumulation  of  clouds  is  very 
rapid  during  the  day,  becaufe  of  the  great  evaporation ;  and  they 
gather  in  moft  abundance  upon  the  land,  becaufe  of  the  greater 
heat  there,  yet,  from  the  great  increafe  of  cold  that  takes  place  at 
night,  the  moft  part  of  the  clouds  (efpecially  if  there  is  any.  great 
accumulation)  are  then  difcharged  in  rain ;  therefore  accumulations 
of  clouds  feldom  arrive  at  an  alarming  height  upon  the  land.  Upon 
the  fea,  the  conftant  wind  or  motion  which.is  promoted  in  the  At- 
mofphere  by  the  lead  agitation,  becaufe  of  the  evennefs  of  its  fur- 
face,  for'the  moft  part  hinders  an  accumulation  of  vapour  from  ga- 
thering in  one  place ;  but  where  the  Atmofphere  may  chance  to 
become  ftill  for  any  confiderable  time,  the  vapour  will  continue  to 
accumulate  for  days  together,  from  the  great  equality  there  is  in 
the  temperature  between  the  day  and  night,  fo  that  becoming  of 
confiderable  magnitude,  and  a  condenfation  taking  place,  the  fquall 
will  be  more  furious  and  of  longer  duration.  Squalls  of  this  defcrip- 
tion  fometimes  take  place  in  the  months  of  July,  Auguft,  and  Sep- 
tember, from  accumulations  of  vapour  gathered  by  long  calms 
near  the  northern  limits  of  the  trade-winds,  and  among  the  nor- 
thernmoft  of  the  Weft  India  Iflands  ;  but  the  moft  deftru&ive  and 
tremendous  phcenomena  of  this  kind,  are  the  hurricanes  which 
fometimes  happen  in  thefe  months  among  the  Weft  India  Iflands, 

and  which  may  be  accounted  for  as  follows  : 

The  fummer  heat  upon  the  fouthern  parts  of  the  continent  of 
North  America  continuing  to  increafe  until  July,  in  which  month, 
and  during  thofe  of  Auguft  and  September,  it  will  be  little  inferior 
to  the  heat  between  the  Tropics,  fo  that  the  Atmofphere  will  be 
neai'ly  as  much  rarefied,  and  the  column  almoft  equally  exalted  with 
that  to  the  fouthward,  which  muft  hinder  the  circulation  to  the 
northward,  which  in  the  winter  feafon  was  carried  on  from  off  the 
Caribbean  fea  and  Bay  of  Mexico  ;  therefore  this  circulation  being 
obftrucled,  and  the  Caribbean  fea  fenced  in  upon  the  South .  and 
Weft  fides  by  ranges  of  immenfe  high  mountains,  which  prevent 
any  paffage  for  the  lower  Atmofphere  that  way,  the  continual  in- 
flux of  vapour  by  the  trade-wind  from  the  eaftward,  together  with 
i  what 
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what  rifes  by  the  great  heat  of  the  climate,  mud  produce  a  very 
great  accumulation  of  it  all  over  the  Caribbean  fea,  the  Bay  of 
Mexico,  and  the  adjacent  eoafts. 

Now  although  the  flow  motion  of  the  Atmofphere  to  the  north- 
ward over  the  continent  of  North  America,  and  the  North  Atlan- 
tic Ocean,  no  doubt  carries  fome  of  this  accumulated  vapour  away 
with  it,  yet  the  far  greater  part  will  (till  remain,  which,  together 
with  the  want  of  fufiicient  vent  for  the  circulation  to  the  northward, 
will  make  the  influx  of  the  trade-winds  to  become  flow  and  languid, 
fo  that  from  becoming  languid,  thefe  winds  will  reach  to  a  lefs  height 
than  ordinary,  and  by  thus  leaving  the  Atmofphere  over  them  calm, 
it  will  be  enabled  to  receive  and  retain  a  greater  quantity  of  vapour 
fufpended  in  it,  which  by  intercepting  the  fup's  rays,  will  imbibe  a 
confiderable  degree  of  heat,  enabling  it  to  fufpend  dill  more  va- 
pour •,  this  heat  will  evaporate  the  clouds  that  before  refted  upon 
the  tops  of  the  mountains,  becaufe  of  the  trade  breeze  which  before 
kept  them  cool  now  not  reaching  fo  high,  and  thus  the  whole,  from 
the  expanfion  it  receives  by  the  heat,  will  remain  nearly  in  a  tranfpa- 
rent  ftate. 

This  procefs  of  accumulation  is  befl  enabled  to  be  carried  on  un- 
der the  lee  of  fome  of  the  iflands,  particularly  the  circular  chain  of 
the  windward  Weft  India  Iflands,  which  by  retarding  or  altogether 
obftrufting  the  feeble  remains  of  the  trade-winds,  leaves  the  accu- 
mulation of  vapour  to  proceed  undifturbed,  and  the  heat  Jncreafing 
by  the  calm,  the  vapour  by  rifing  will  force  itfelf  up  into  the  At- 
mofphere, and  being  too  abundant  to  float,  \vjll  reft  upon  the  fur- 
face  expanded  by  its  elafticity,  and  if  no  partial  condenfation  takes 
place  to  carry  it  off",  the  whole  of  this  procefs  of  accumulation  may 
continue  fome  days,  becaufe  of  little  or  no  difference  in  temperature 
between  day  and  night  taking  place  at  a  very  little  diftance  above 
the  furface  of  the  fea;  after  .which  the  leaft  alteration  by  decreafe  of 
denfity  or  increafe  of  cold,  will  produce  a  condenfation  of  this  accu- 
mulated vapour,  now  become  almoft  too  abundant  to  reft  expanded 
in  the  Atmofphere,  which  once  begun,  a  precipitation  will  imme- 
diately take  place,  which,  from  the  i-arefa£Hon  produced  by  it,  will 
caufe  the  condenfation  to  fpread  rapidly,  and  thus  a  general  con- 
denfation and  fall  of  rain  will  commence  through  the  whole  fpace, 
and  the  immenfe  quantity  and  weight  of  water  produced  by  this 
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condenfation  being  fpread  over  a  great  extent  of  furfacc,  and  def- 
cending  from  a  great  height,  will  acquire  a  great  velocity  down- 
ward, carrying  with  it  the  air  intermixed  with  and  lying  in  its  way, 
which  by  preffing  down  the  lower  Atmofphere  upon  the  furface  of 
the  earth,  will,  by  fqueezing,  oblige  it  to  rufh  out  to  efcape  toward 
where  it  can  eafieft  find  vent,  and  by  its  great  force  in  rufhing  out, 
blow  down,  tear  away,  and  deftroy  every  thing  in  its  way. 

After  a  firft  condenfation,  the  rarefaction  caufed  by  the  void  left 
from  the  condenfation  of  the  vapour  and  air  carried  down  by  it,  to- 
gether with  the  cold  of  the  higher  air  defcending  to  fill  up  this  void, 
and  the  motion  excited  by  the  whole,  will  condenfe  and  precipitate 
what  vapour  remains,  together  with  what  flows  in  from  the  lateral 
parts  to  reftore  the  equilibrium  ;  thus  a  fucceffion  of  condensations 
and  precipitations  will  take  place,  fo  long  as  there  is  any  vapour 
flowing  in  from  the  neighbouring  regions  to  the  general  vortex  ;  af- 
ter which  the  trade-wind  will  refume  its  direction,  and  flow  in 
briflcly  to  fill  up  the  vacancy,  and  the  weather  fettle.  The  cold  of 
the  higher  air  which  finks  down  to  fill  the  void  caufed  by  the  firft 
condenfation,  being  by  fucceeding  precipitations  carried  down  to 
the  furface  of  the  earth,  accounts  for  the  cold  which  is  always  found 
to  prevail  immediately  after  hurricanes,  tornadoes,  and  heavy  fall* 
of  rain. 

Since  a  hurricane  is  the  fqueezing  out  of  the  lower  Atmofpherc 
along  the  furface  of  the  earth,  by  the  extraordinary  preffure  of  the 
defcending  water  and  higher  Atmofphere  upon  it,  we  may  eafily  fee 
the  reafon  why  little  or  no  fhelter  is  ever  found  from  valleys  or  fides 
of  mountains,  however  fituated,  becaufe  from  the  preflure  the  air  is 
by  its  elafticity  forced  to  rufh  through  every  hollow  or  other  place  in 
whatever  direction.  And  this  great  preflure  which  produces  the 
hurricane  will  be  the  lefs  furprizing,  if  we  confider  the  quantity  of 
water  that  defcends  through  the  Atmofphere  in  a  common  fquall, 
much  lefs  in  a  hurricane,  a  quantity  which  is  aftonifhing  to  think 
how  the  Atmofphere  could  fufpend  or  fupport,  and  befides  the  quan- 
tity, if  we  confider  the  velocity  it  muft  acquire  upon  defcending 
perhaps  upwards  of  a  mile  in  perpendicular  height,  our  furprize  of 
the  preflure  will  be  ftill  lefs. 

Although  accumulations  of  vapour  gather  more  frequently  upon 
the  land  than  they  do  upon  the  fea,  yet  they  are  never  found  to  ar- 
rive 
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rive  to  fuch  a  height  as  io  produce  hurricanes  fimilar  to  thofe  defcrib- 
ed  above  ;  and  if  the  land  is  mountainous,  the  accumulations  are  the 
fooner  difperfed,  becaufe  the  winds  during  the  heat  of  the  day  carry- 
ing the  vapour  up  the  fides  of  the  mountains,  it  is  there  condenfed  by 
the  higher  cold,  and  falls  in  rain  ;  and  even  fhould  it  be  calm  for 
any  confiderable  time,  the  great  difference  there  is  in  the  tempera- 
ture between  the  day  and  night  upon  the  land,  will,  by  the  cold  in 
the  latter,  diiturb  and  condenfe  the  expanfion  and  evaporation  pro- 
duced by  the  greater  heat  of  the  former,  before  an  accumulation  be- 
come too  great ;  for  which  reafon  we  find,  that  although  fqualls 
commonly  happen  upon  the  South  fhores  of  the  Caribbean  fea,  yet 
the  hurricanes  which  are  fometimes  fo  deftructive  among  the  Weft 
India  lilands,  never  come  with  violence  upon  the  adjoining  contin- 
ent of  S.  America,  on  account  of  the  accumulations  of  vapour  being 
commonly  condenfed  and  precipitated  in  rain  by  the  night  colds 
there  ;  hence  from  the  accumulations  of  vapour  which  at  the  hurri- 
cane feafons  take  place  upon  thefe  feas  and  their  adjacent  coafts, 
as  above  defcribed,  by  being  continually  condenfed  and  precipitated 
by  the  night  colds  and  elevation  of  the  land,  is  the  caufe  of  the  al- 
moft  continual  deluge  of  rain  that  is  found  to  take  place  upon  the 
fouthern  coafts  of  the  Caribbean  fea  and  bays  to  the  wcftward  of  it, 
and  which  renders  thefe  countries  (particularly  to  the  weftward)  fo 
very  unhealthy  at  this  feafon. 

The  circumftance  of  the  night  colds  condenfing  the  accumulated 
vapour  upon  the  continent  of  America,  and  thereby  preventing  hur- 
ricanes taking  place  there,  would  hold  good  among  the  fmaller 
Weft  India  Iflands,  were  they  of  fuflicient  magnitude  to  allow  night 
condcnfations  taking  effecT:,  and  not  furrounded  by  fea,  and  from 
their  being  fo  fmall,  and  lying  in  the  midft  of  the  ocean,  the 
continual  fhift  of  Atmofphere  by  the  trade-winds  preferves  the  fame 
temperature  upon  thefe  iflands  that  is  upon  the  fea,  which  hinders 
accumulations  of  vapour  from  gathering  upon  them  while  thefe 
winds  continue  to  blow  with  any  degree  of  briflcnefs  ;  but  upon  the 
trade-winds  failing,  and  fituated  as  they  are  in  a  circular  chain, 
circumfcribing  the  fea  to  the  weftward  of  them,  great  part  of  the 
caufcs  that  produce  hurricanes  may  be  attributed  to  thefe  iflands, 
from  their  obftrucling  the  trade-winds,  and  thereby  producing  a 
ca,lm  to  leeward  of  them,  which  thus  protects  the  vapour  from 
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being  difturbed  while  accumulating,  until  the  accumulation  arrives 
at  the  alarming  height  fo  as  to  produce  a  hurricane.  From  the  ex- 
tent of  the  larger  iflands  of  Jamaica,  St.  Domingo,  and  Cuba,  it 
does  not  appear  that  hurricanes  are  violent  in  their  interior  parts, 
particularly  among  the  mountains,  although  the  hurricanes  generat- 
ed upon  the  neighbouring  fea  frequently  beat  againft  their  fliores, 
and  by  their  fury  no  doubt  penetrate  fome  diflance  in-land  ;  alfo, 
from  the  theory  advanced  here,  hurricanes  ought  not  to  be  fo  violent 
upon  the  tops  of  mountains  as  they  are  upon  the  plains  below,  and 
every  obfervation  I  could  have  an  opportunity  of  making  confirms 
this  circumftance. 

The  quantity  of  vapour  carried  from  off  the  fea  and  precipitated 
upon  the  land,  is  meafured  by  the  quantity  of  water  discharged  in 
rivers,  brooks,  runs,  or  otherwife,  from  the  land  into  the  fea  ;  but 
from  the  impoflibility  of  afcertaining  this  quantity,  together  with 
what  falls  in  rain  upon  the  fea,  renders  it  altogether  impoflible  to 
afcertain  the  whole  quantity  of  vapour  rifing  from  the  fea.  Num- 
bers of  experiments  have  been  made  upon  the  rife  of  vapour,  but 
very  little  certainty  hath  been  gained  upon  this  fubje£t,  on  account 
of  its  being  fo  extremely  various,  according  to  times,  feafons,  and 
fituations.  This  is  vifible  by  obferving  the  drying  of  clothes  or  other 
fubftances  j  from  which  it  is  evident,  that  evaporation  is  very  irre- 
gular, for  it  is  well  known,  that  drought  (or  evaporation)  is  greater 
in  the  day  than  in  the  night,  in  the  fummer  than  in  the  winter ;  and 
that  it  is  fcarcely  found  to  be  alike  in  any  two  of  the  fame  times  or 
feafons,  independent  of  the  difference  which  muft  neceflarily  arife 
from  climates,  expofure,  &c. 

Tht-  learned  Dr.  Hally,  from  his  experiments  upon  evaporation, 
calculates,  that  water  falted  to  an  equal  degree  with  fea  water  eva- 
porated during  the  fummer  months  in  England,  at  the  rate  of  about 
i-<jth,-of  an  inch  per  day  ;  now  it  is  generally  agreed  by  thofe  con- 
verfant  in  this  fubjeft,  that  in  England  the  evaporation  during  the 
months  of  May,  June,  July,  and  Auguft,  is  one  half  of  the  evapo- 
ration in  the  year ;  September,  October,  March,  and  April,  one 
third,  and  the  other  fixth  in  the  months  of  November,  December, 
January,  and  February,  from  which  eftimate  the  evaporation  in 
England,  according  to  Dr.  Hally,  will  amount  to  48  inches  in  the 
year. 

In 


In  the  profecution  of  the  following  fubjeft,  it  is  found  nccefiary 
that  a  certain  rate  of  evaporation  be  adopted  as  a  ftandard,  for  the 
greater  facility  of  inveftigating  and  explaining  the  particulars  con- 
tained in  it ;  therefore  I  (hall  adopt  that  of  Dr.  Hally,  leaving  its 
accuracy  to  be  afcertained  by  future  obfervations.  Now  the  Doc- 
tor's computation  being  one-fifth  of  an  inch  of  evaporation  per  day, 
"  during  the  fummer  months  in  England,  if  the  reft  of  the  year  was 
of  the  fame  temperature,  its  whole  evaporation  would  amount  to 
73  inches.  But  the  weather  between  the  Tropics  is  confiderably 
warmer  than  the  fummer  in  England,  and  they  who  are  acquainted 
with  thofe  climates,  know  that  the  evaporation  there  is  far  greater, 
and  the  trade-winds  continually  blowing,  mull  add  confiderably  to 
it,  fo  that  eftimating  the  evaporation  from  the  fea  between  the  Tro- 
pics at  one-fourth  of  an  inch  per  day,  or  9 1  inches  in  the  year, 
will  by  no  means  be  found  too  little  ;  and  indeed  from  what  I  have 
obferved  in  thofe  climates,  I  think  it  rather  under  than  above  the 
^true  quantity.  This  evaporation  muft  caufe  an  increafe  of  weight 
and  denfity  in  the  Atmofphere,  equal  to  the  quantity  of  water  that  is 
raifed,  which  weight  will  diiTufe  itfelf  by  a  motion  toward  where 
the  weight  and  denfity  is  lefs  ;  this  will  be  either  where  the  Atmof- 
phere becomes  iefs  denfe  from  being  rarefied  by  the  fun's  perpendi- 
cular rays,  or  where  the  greateft  quantity  of  vapour  condenfes  and 
falls  in  rain,  both  of  which  generally  take  place  upon  the  land,  be- 
caufe  of  the  greateft  heat  being  there,  which  from  a  conftant  influx 
of  vapour  below,  and  the  elevation  of  the  mountains  and  high 
land,  it  is  forced  into  the  higher  regions,  where  being  condenfed,  it 
falls  in  rain  ;  hence  we  find,  that  in  all  parts  of  the  earth  more  rain 
falls  upon  the  land  and  upon  the  fea  fhores  than  does  upon  the  fea 
at  a  diftance  from  land. 

By  eftimating  the  evaporation  between  the  Tropics  at  one-fourth 
of  an  inch,  or  (which  is  the  fame)  at  one-forty-eighth  of  a  foot  in  24 
hours,  the  quantity  rifing  in  that  time  from  an  Englifh  fquare  mile, 
will  amount  to  580800  folid  feet  of  water,  which  is  equal  to  16205 
tons ;  and  from  a  fquare  degree  of  69  Englifh  miles,  it  will  be  up- 
wards of  77  millions  of  tons  per  day.  Now  as  the  conftant  trade- 
winds  upon  the  Atlantic  carry  the  vapour  that  rifes  between  the 
Tropics  to  the  weftward  along  with  them,  and  (excepting  what  re- 
turns in  rain  upon  the  fea)  difcharges  it  upon  the  continent  of  South 
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America,  and  the  Weft  India  Iflands  ;  therefore  calculating  the  va- 
pour that  rifcs  between  the  latitude  of  8  N.  (that  being  the  latitude  of 
the  mouth  of  the  river  Oronoque)  and  23  S.  to  be  carried  upon 
the  continent  of  South  America,  and  allowing  the  fpace  for  this  va- 
pour to  rife  in  to  be  from  the  Cape  Verd  Iflands,  in  longitude  25 
W.  to  the  longitude  of  52  W.  upon  the  North  fide  of  the  Equator, 
and  from  the  longitude  of  6  W.  (being  that  of  Cape  Palmas  upon  the 
coaft  of  Guinea)  to  longitude  38  W.  upon  the  South  fide 
of  the  Equator,  the  whole  of  which  comprehends  a  fpace  of  952 
fquare  degrees,  which  multiplied  by  77152000,  the  number  of  tons 
calculated  to  rife  in  one  degree,  will  amount  to  the  enormous  fum 
of  73448704080  tons  of  water  rifing  in  vapour  from  this  fpace  in 
24  hours.  Now  admitting  all  the  vapour  which  the  trade-winds 
bring  in  with  them  upon  this  fpace,  together  with  one-fourth  of  the 
above  quantity  to  return  in  rain  upon  the  fea,  the  remainder  being 
carried  to  the  weftward  upon  the  land  of  South  America,  and  fal- 
ling there  in  rain,  will  furnim  fufucient  to  fupply  a  difcharge  of 
frem  water  from  this  continent  back  into  the  fea,  equal  to  a  body 
three  miles  and  a  quarter  in  breadth,  and  fifty  fathoms  deep,  run- 
ning at  the  rate  of  three  miles  an  hour  ;  and  when  we  confider 
the  account  given  by  travellers  of  the  immenfe  fize  of  the  great  river 
Amazons,  and  add  to  it  the  great  river  Oronoque,  and  the  number 
of  other  large  rivers  that  difcharge  themfelves  into  the  fea  along  the 
vaft  extent  of  ccaft  between  the  Bay  of  Carthagena  in  the  Caribbean 
fi.%  and  the  Rio  Janeiro  in  the  fouthern  part  of  the  Brazils,  toge- 
ther with  the  far  greater  part  of  the  fources  of  the  great  river 
Paraguay,  or  La  Plata,  it  will  not  be  found  that  the  above  eftima- 
tion  is  much  too  great,  or  the  above-mentioned  evaporation  any  that 
fignifies  above  the  truth. 

Upon  calculating  the  difcharge  of  a  river,  in  order  to  compare  it 
with  this  or  any  other  eftimation  of  the  quantity  of  water  flowing 
from  it  to  the  fea,  it  is  neceflary  to  obfervc,  that  .the  velocity  of  the 
current  upon  the  furface  near  the  middle,  is  always  too  great  to  efti- 
mate  the  difcharge  of  water  by,  becaufe  of  the  obftruclion  the  wa- 
ter meets  with  in  its  courfe,  from  the  roughnefs  and  unevennefs  of 
the  ground  in  the  bottoms  and  fides,  bcfides  which,  rivers  that  lie 
upon  a  level  are  only  impelled  along  by  the  weight  of  the  water  def- 
eending  from  the  eminences  upon  their  upper  ends,  and  therefore  it 
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is  only  the  furface  that  moves  along,  while  the  under  parts  (particu 
larly  if  they  are  deep)  lie  almoil  flill  with  little  or  no  motion.  The 
obftru6tion  which  the  water  in  rivers  meets  with  from  the  roughnefs 
and  unevennefs  of  their  bottoms,  is  beft  feen  when  they  come  to  be 
fwelled  with  floods,  from  the  fuperior  velocity  of  the  water  upon 
the  furface,  in  a  river  when  flooded  and  deep,  to  what  it  is  when 
low,  fo  that  the  difcharge  of  water  from  a  river  may  oftimes  not 
amount  to  half  what  the  current  upon  the  furface  would  indicate, 
according  to  the  dimenfions  of  a  fection  of  the  difcharging  water. — 
Hence  we  fee  from  the  above  calculation,  and  by  attending  to  the 
true  eftimate  of  the  quantity  of  water  in  the  difcharge  of  rivers  into 
the  fea,  that  the  vapour  carried  from  the  fea  upon  the  land  is  fuf- 
ficient,  and  forms  the  actual  fupply  that  maintains  all  the  rivers  and 
runs  of  water  in  the  world  ;  fo  that,  (as  hath  been  already  mention- 
ed) the  quantity  of  vapour  carried  from  the  fea  and  falling  in  rain 
upon  the  land,  is  exactly  meafured  by  the  water  that  returns  in  ri- 
vers and  runs  to  the  fea,  unlefs  it  be  fuppofed  that  any  part  is  re- 
tained by  the  land  j  which  cannot  be  the  cafe,  as  fmce  the  flood  the 
land  muit  have  been  faturated  with  as  much  water  as  it  will  retain 
confiftent  with  the  evaporations  and  other  operations  of  the  different 
climates  and  feafons,  and  which  appears  to  be  further  confirmed  by 
the  uniform  flow  of  rivers  fuffering  no  alteration  fmce  the  earlieft 
ages  recorded  in  hiftory. 

From  the  evennefs  of  the  furface  of  the  fea  allowing  the  wind  to 
glide  fmoothly  along,  there  can  be  but  little  or  no  motion  upward 
of  the  Atmofphere  npon  it,  except  what  is  caufed  by  the  fun's  meri- 
dian heat  where  he  is  vertical,  and  the  increafe  of  this  heat  being  far 
lefs  than  it  is  upon  the  land,  the  quantity  of  vapour  forced  up  and 
condenfed  in  the  higher  regions  muft  be  but  fmall,  which  accounts 
for  the  lefs  rain  that  falls  upon  the  middle  of  the  ocean  than  does 
upon  the  land  and  near  it.  But  the  winds  reaching  only  to  a  fmali 
height  in  the  trades,  the  vapour  that  rifes  above  this  height  will  be 
forced  upward  by  the  continual  rife  of  more  below,  on  account  of  the 
rife  being  greater  than  the  condenfation  ;  therefore  an  accumulation 
of  vapour  will  take  place,  which  will  be  greater,  the  farther  to  the 
weftward  ;  and  thus  by  forcing  more  vapour  into  the  higher  regions 
as  it  increafes,  is  the  reafon  that  where  the  trade-winds  blow  regular 
the  farther  to  the  weftward,  the  more  frequent  the  fhowers  are 
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found  to  be.  Thefe  mowers  generally  fall  in  the  afternoon  and  fore- 
part of  the  night,  on  account  of  the  higher  vapour  being  then  con- 
denfed  by  the  increafe  of  cold  by  the  fun's  withdrawing. 

It  is  computed  that  water  is  about  81 1  times  heavier  than  common 
Atmofphere  at  the  level  of  the  fea  ;  therefore  the  quarter  of  an  inch 
of  water  which  is  here  eflimated  to  rife  per  day  between  the  Tropics, 
will  add  to  the  Atmofphere  an  increafe  of  weight  equal  to  a  ftratum 
of  203  inches,  or  nearly  17  feet  in  height ;  now  by  the  former  cal- 
culation a  quarter  of  this  is  allowed  to  return  in  rain  upon  the  fea, 
and  the  reft  to  be  carried  to  the  continent  of  South  America,  where 
falling  in  rain,  the  Atmofphere  there  will  be  deprived  of  its  weight, 
and  the  fpace  it  occupied  left  vacant,  which  will  facilitate  the  influx 
of  more,  and  generate  a  motion  of  the  vapour  rifmg  upon  the  fea 
toward  where  it  condenfes  and  falls  in  rain  upon  the  land,  which 
muft  add  to  the  velocity  of  the  trade-winds  ;  and  by  fuppofing 
thefe  winds  to  be  ftrongeft  upon  the  furface  of  the  fea,  and 
from  thenee  decreafing  upward  to  one  mile  and  a  half  in  perpendi- 
cular height,  where  its  motion  ceafes,  the  vapour  thus  moving  to 
the  weft  ward  with  it  will  add  about  10  or  1 1  miles  in  the  24  hours 
to  its  velocity. 

Upon  entering  upon  the  continent  of  South  America,  the  At- 
mofphere carried  to  the  weft  ward  in  trade-winds  will  be  forced  into 
a  higher  region  by  mounting  over  the  greater  elevation  of  the  land* 
and  the  rarefaction  it  undergoes  from  the  greater  heat  there  will 
force  it  higher  ftill,  where  the  vapour  contained  in  it  will  be  con- 
denfed  into  clouds  by  the  higher  cold,  and  from  being  higher  than 
the  trade-winds,  fome  of  thefe  clouds  are  often  feen  moving  back 
upon  the  fea,  and  there  difcharge  in  rain.  But  the  far  greater  part 
are  forced  in  upon  the  land,  by  the  continual  preflure  of  the  trade- 
winds  flowing  in,  where  falling  in  rain,  the  water  is  immediately 
evaporated  again  by  the  heat  of  the  climate,  condenfes  into  clouds, 
and  falls  again  in  rain  ;  and  thus  after  fucceflive  evaporations,  qon- 
denfa-lons,  and  precipitations,  the  greatelt  part  of  this  vapour  is 
at  laft  difcharged  in  rain  upon  the  higher  lands  and  riling  grounds  to 
the  weftward,  particularly  the  eafl  fide  of  the  Andes  and  Cordil- 
leras, there  it  is  for  the  moft  part  hindered  from  evaporating  again, 
by  its  finking  under  the  woods,  foliage,  and  furface  of  the  ground, 
where  forming  channels,  it  defcends  in  runs  of  water  down  the  de- 
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cllvitics,  which  uniting,  form  ftreams,  and  they  rivers,  which  at 
laft  return  to  the  fea,  and  thus  fupply  the  deficiency  occafioned  from 
the  rife  of  vapour. 

The  rain  that  falls  upon  the  fides  of  thefe  mountains  and  high 
lands  which  does  not  evaporate  again,  will  have  its  place  fupplied 
with  more  vapour  arriving  from  the  eaftward,  whofe  influx  is  facili- 
tated not  only  by  the  natural  courfe  of  filling  of  the  vacancy  in  order 
to  reftore  the  equilibrium,  but  alfo  by  the  attraction  from  the  gra- 
vitation of  the  mountains,  and  the  preffure  from  the  continual 
influx  of  vapour  from  the  fea.  Thus  it  evidently  appears,  that 
how  oft  foever  the  rain  formed  from  the  vapour  flowing  in  from 
the  fea  upon  this  coaft,  may  fall  and  evaporate  again  while  traverf- 
ing  the  low  level  lands,  yet  the  greater  part  by  being  either  carried 
by  the  air,  or  by  diffufing  itfelf  through  it,  arrives  at  laft  upon  the 
Eaft  fide  df  the  Andes  and  Cordilleras,  where  by  falling  in  rain  and 
colle&ing,  furnifhes  the  principal  part  of  the  water  in  the  Amazons, 
and  other  great  rivers  flowing  from  thence  into  the  Atlantic,  and 
very  probably  may  add  to  the  water  of  fome  of  the  rivers  that  flow 
into  the  Pacific  Ocean  ;  for  it  appears,  that  no  wind  or  vapour 
comes  over  thefe  mountains  from  the  weftward,  becaufe  of  the 
plentiful  fupply  from  the  Eaft  not  fuffering  any,  and  becaufe  the 
conftant  drain  of  Atmofphere  from  their  Weft  fides,  by  the  trade- 
winds  upon  the  Pacific  Ocean  carrying  with  it  the  whole  of  the  va- 
pour raifed  there,  alfo  the  great  height  of  the  Andes  and  Cordille- 
ras fuffers  little  or  no  vapour  to  pafs  over  them  to  the  wcftward,  fo 
that  the  rains  that  fall  upon  the  plains  of  Quito,  as  mentioned  by 
Don  Ulloa  in  his  defcription  of  that  country,  appear  to  be  volumes 
of  vapour  floated  by  the  fun's  meridian  heat  over  the  Eaft  fide  of  the 
Andes,  and  condenfed  by  the  increafe  of  the  evening  cold,  at  which 
time  the  rain  is  always  found  to  fall  ;  alfo  the  fnow  lying  upon  the 
tops  and  down  part  of  the  fides  of  the  Cordilleras,  muft  be  part  of 
this  meridian  vapour,  which  from  the  great  height  muft  be  very 
thin  and  dilated,  and  fo  carried  by  a  current  of  air  up  the  fides  of 
thefe  mountains,  and  there  congealed  into  fnow  by  the  froft,  and 
from  being  very  rare,  it  takes  ages  for  the  fnow  upon  the  tops  of 
thefe  mountains  to  accumulate  ;  and  it  is  very  likely,  that  if  their 
height  was  much  greater,  no  vapour  or  fnow  would  reach  their  fum- 
rnits.  Don  Ulloa  alfo  takes  notice,  that  the  Eaft  fide  of  the  wef- 
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ternmoft  Cordilleras  appeared  arid  and  barren,  while  the  Weft  fule 
at  the  fame  elevation  was  green  and  covered  with  verdure,  which 
plainly  {hows  that  but  little  vapour  from  the  caftward  reaches  the 
weftern  part  of  the  Andes ;  from  which  circumftance  there  is  every 
reafon  to  fuppofe,  that  if  there  was  an  extenfive  tra&  of  lew  land 
lying  between  the  Andes  and  Pacific  Ocean,  it  would  be  burnt  up 
for  want  of  moifture,  becaufe  no  vapour  would  get  over  the  Andes 
from  the  eaftward  to  it,  and  the  trade-winds,  by  carrying  to  the 
weftward  with  them  all  the  vapour  raifed  from  the  Pacific  Ocean, 
would  prevent  the  receiving  any  from  that  fide. 

In  equatorial  climates,  the  rains  that  fall  upon  level  plains  that 
are  clear  of  woods,  where  their  furface  are  expofed  to  the  wind 
and  fun,  aremoflly  all  evaporated  again  immediately  by  the  heat: 
this  fudden  evaporation,  together  with  the  heat  that  the  vapour  car- 
ries up  with  it,  both  faturates  and  warms  the  cold  air  which  had 
funk  from  the  higher  region  to  fill  the  vacancy  caufed  by  the  falling 
of  the  {hower  ;  and  thus  by  fpeedily  rendering  it  of  as  warm  a  tem- 
perature as  the  neighbouring  Atmofphere,  and  by  preventing  the  in- 
flux of  vapour  from  thence,  hinders  in  a  great  meafure  another 
fhower  ;  whereas  woody  and  hilly  countries,  by  withholding  the 
influence  of  the  wind  and  fun  from  reaching  the  furface,  and  the 
declivities  facilitating  the  water  by  defcending  to  collect  in  runs  un- 
der the  foliage  and  furface,  hinders  evaporation  taking  place,  and 
thus  a  fecond  fall  of  rain  is  promoted  upon  the  principles  already 
laid  down,  in  the  precipitation  of  clouds  in  rain. 

Thefe  obfervations  concerning  the  falls  of  rain   are  corroborated 
from  what  we  fee  in  the  Weft  India  Iflands  ;  for  thofe   iflancls  that 
are  leaft  cleared  of  woods  by  cultivation  or  otherwife,  are  by  far  the 
moft    rainy  ;   and    the  fame  ifland,  or  even  part  of  it,    after  being 
cleared,  is   much  lefs   rainy,  and    confequently  more  healthy  than 
before,  for  it  is  well  known  that  the  woody  countries  are  the  moft 
rainy  ;  alfo  it  is  very  common  to  fee  fprings  and  fmall  runs  of  wa- 
ter dried  up,  which  had    flowed    without  interruption  before  the 
roods  were  cleared  away,  and  the  ground  cultivated  round  them.—, 
louds  are  always  found  to  gather   in  greatcft  quantity  over  moim- 
lins,  becaufe  of  their  attraction  toward  each  other,  which,  together 
ath  the  lefs  evaporation  upon  them,  caufe  more  water  to  be  collcc- 
-d  upon  mountains  and  rifing  grounds  than  any  where  elfe,  which 
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burfting  forth  from  their  fides  and  bottoms  in  fprings,  forms  the 
fource  of  rivers.  Hence  we  fee,  that  rivers  derive  moftly  all  their 
•water  from  mountains  and  high  lands,  receiving  very  little  addition 
from  the  plains  they  glide  through ;  indeed  it  is  very  probable,  that 
in  warm  weather  rivers  traverfing  extenfive  plains,  inftead  of  gaining 
may  lofe  confiderably  by  evaporation. 

There  is  little  or  no  vapour  carried  upon  the  continent  of  North 
America  from  off  the  Atlantic  Ocean  bordering  its  eaftern  coafts,  be- 
caufe  of  the  prevailing  wefterly  winds  which  blow  from  off  thefe 
coafts,  fo  that  the  principal  fupply  of  vapour  to  water  this  continent 
muft  come  by  being  carried  from  off  the  Weft  India  Seas  and  Bay 
of  Mexico,  by  the  circulation  of  Atmofphere  moving  from  thence 
to  the  northward,  where  by  frequent  falls  of  rain  and  evaporation, 
together  with  difFufion,  it  is  diftributed  over  the  face  of  the  country, 
watering  the  ground  as  it  proceeds.  There  is  no  doubt  but  a  part 
of  the  vapour  for  watering  this  continent  may  come  from  the  North 
Pacific  Ocean,  by  being  carried  with  wefterly  winds  upon  thcfe 
weftern  coafts,  in  the  fame  manner  the  wefterly  winds  from  the 
North  Atlantic  carry  its  vapour  upon  the  continent  of  Europe  ;  but 
then  it  is  to  be  confidered,  that  the  weftern  ccaft  of  America  is  by 
far  the  highert  land  in  it,  being  an  immenfe  chain  of  extraordinary 
high  mountains,  forming  a  barrier  to  hinder  the  wefterly  winds 
from  getting  to  the  eaftward  over  them  ;  befides  which,  the  fhape 
and  pofition  of  the  coaft,  by  tending  to  the  S.  E.  will  induce  the 
Weft  winds  there  to  flow  to  the  fouthward,  along  this  coaft,  in 
which  direction  it  will  be  facilitated  to  proceed,  for  the  purpofe  of 
fupplying  the  fource  of  the  trade  winds  in  the  equatorial  climates 
there,  fo  that  the  fupply  of  vapour  from  the  North  Pacific  Ocean 
cannot  be  very  gre.at.  The  great  extent  and  number  of  lakes  in  this 
country,  by  furnifhing  an  abundant  evaporation,  muft  contribute 
greatly  toward  keeping  the  country  moift  round  them  ;  but  notwith- 
ilanding  which,  and  the  many  rivers  and  inlets  of  the  lea,  the  in- 
land parts  of  the  United  States  are  in  the  fummer  frequently  trou- 
bled with  droughts  •,  and  when  the  country  comes  to  be  more  clear 
of  woods,  the  droughts  very  probably  may  befeverer  felt. 

In  the  climates  without  the  Tropics,  the  moft  vapour  will  be  con- 
denfed,  and  the  grcateft  falls  of  rain  take  place,  near  to  and  upon  the 
borders  of  the  frozen  regions,  becaufe  of  the  greater  and  more  iud- 
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den  increafe  of  the  cold  there,  fo  that  in  the  northern  climates,  by 
this  cold  increafing  and  moving  to  the  fouthward  in  the  fall  of  the 
year,  and  thus  meeting  and  overtaking  the  vapour  as  it  advances,  will 
caufe  a  greater  ccndenfation  and  fall  of  rain  in  this  feafon,  than  in 
any  other.  In  the  fpring,  when  the  cold  is  receding,  and  the  heat 
approaching,  the  air  will,  by  being  warmed,  imbibe  and  retain  more 
vapour,  confequently  the  condenfation  aad  fall  of  rain 'will  be  lefs, 
but  then  the  fudden  changes  in  temperature,  efpecially  between  the 
day  and  night,  muft  caufe  condenfitions  and  falls  of  rain ;  only,  from 
the  above  reafons,  they  are  never  fo  great  or  fo  lading  as  they  are 
in  the  autumn. 

In  the  beginning  of  winter,  as  the  frofty  regions  extend  to  the 
fouthward  upon  the  North  American  continent,  from  the  froft  ex- 
tending along  the  furface  of  the  earth  fafter  than  it  does  higher  up, 
it  arrefts  and  freezes  all  the  vapour  it  meets  on  advancing,  which 
falling,  covers  the  ground  with  fnow  ;  thus  from  all  the  vapour 
being  congealed,  and  falling  in  fnow  upon  the  outer  fkirts  or  mar- 
gin of  the  frofty  region,  none  of  it  reaches  the  central  parts,  fo  that  the 
air  in  thofe  central  parts  being  deprived  of  all  its  vapour  by  the 
froft,  the  iky  remains  clear  and  uninterrupted  with  cloudstfo  long  as 
the  froft  lafts,  which  appears  to  be  the  cafe  in  the  northern  inland 
parts  of  North  America,  Hudfon's  Bay,  and  the  Danifh  fettlements 
in  Weft  Greenland,  from  the  teftimony  of  thofe  who  have  refided 
in  thofe  places,  who  aflert,  that  after  the  winter  froft  has  fet  in  in- 
tenfe,  the  Iky  continues  clear  without  any  clouds,  and  the  weather 
calm,  or  with  light  breezes,  as  long  as  the  froft  lafts  ;  which  cir- 
cumftance  agrees  with  what  hath  already  been  advanced,  namely, 
that  water  in  a  frozen  ftate  cannot  be  fufpended  or  float  in  the  At- 
mofphere,  becaufe  of  the  froft  depriving  it  of  elafticity,  which  ap- 
pears to  be  the  principal,  if  not  the  fole  caufe  of  its  floating  in  va- 
pour :  for  (hould  it  float  without  elafticity,  or  fome  elaftic  fubftance 
attached  to  it  to  keep  it  expanded  and  feparate,  let  the  particles  be 
ever  fo  fmall,  they  muft  collect  in  mafTes  by  their  gravity,  and  be- 
come vifible. 

When  the  frofty  region*  hath  increafed  by  the  abfence  of  the  fun, 
fo  as  to  occupy  a  confiderable  fpace,  it  will  keep  farther  extending 
itfelf  by  the  frofty  Atmofphere,  from  its  fupcrior  weight  continually 
flowing  out  along  the  furface  of  the  earth,  and  by  freezing  the  va- 
pour it  meets  on  advancing,  covers  the  ground  it  flows  over  witli 
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mow,  and  thus  eftablifhing  the  cold  there,  it  Is  enabled  to  incroach 
ftill  farther,  by  which  means  it  is  continually  fpreading  farther  and 
farther  over  the  country,  fpreading  rapider  and  extending  farther, 
the  greater  the  frofty  mafs  of  Atmofphere  is  that  fupports  it,  and 
will  refift  the  influence  of  the  fun  in  checking  its  progrefs,  on  account 
of  the  fnow  reflecting  the  greater  part  of  his  rays  with  their  heat 
.  back  through  the  Atmofphere  into  empty  fpace,  and  in  addition  to 
this,  the  immenfe  forefts  with  which  the  continent  of  North  Ameri- 
ca abounds,  protect  the  froft  and  fnow  from  the  fun's  influence  ;  ajl 
which  accounts  for  the  winter  cold  reaching  fo  far  to  the  fouthward, 
and  of  its  continuing  fo  long  before  the  fun's  returning  influence  over- 
come it. 

Although  the  winter  froft  makes  fuch  great  progrefs  upon  the 
land,  particularly  upon  North  America,  yet  its  progrefs  is  but  fmall 
in  comparifon  upon  the  neighbouring  Atlantic  Ocean,  it  never  efta- 
bliftiing  itfelf  in  full  poffeflion  farther  than  the  fea  is  frozen,  which 
in  mod  places,  particularly  upon  the  European  fide,  feldom  reaches 
to  the  fouthward  of  the  arctic  circle  :  this  in  fome  meafure  muft  be 
owLig  to  the  fluidity  of  the  water,  by  which  the  internal  warmth  or 
temperature  of  the  earth  is  more  readily  communicated  from  confi- 
derable  depths  to  the  furface  ;  and  it  muft  be  from  this  caufe  that  it  is 
always  obferved  that  die  deepeft  lakes  are  the  longeft  in  freezing  ; 
io  that  it  is  very  probably  owing  to  the  greater  depth  of  the  fea  near 
Greenland,  that  lefs  ice  is  formed  upon  it,  and  the  floating  ice 
reaches  to  a  lefs  diftance  from  the  Pole  in  moft  places  there  than  in 
any  other  part  of  either  Hemifphere  ;  alfo  feveral  circumftances 
concerning  the  tides  which  may  be  obferved  upon  the  Weft  coafts 
of  Britain  and  Ireland,  and  the  adjacent  feas,  evidently  countenance 
the  fuppofition  of  the  North  part  of  the  Atlantic  being  very 
deep.  The  even  and  regular  furface  of  the  fea  is  alfo  inimical  to  the 
froft,  eftablifhing  itfelf  upon  it  by  affording  no  fhelter,  and  offering 
no  impediment  to  gufts  of  foutherly  wind  with  its  warm  vapour  when 
pufhed  by  accumulation,  or  otherxvife,  from  penetrating  confidera- 
ble  diftances  to  the  northward. 

The  cold  frofty  Atmofphere  which  in  the  winter  fcafon  frequent- 
ly- flows  in  ftrong  gales  from  off  the  North  American  coaft,  from  its 
being  deprived  of  vapour  by  the  froft,  exhibits  a  curious  appearance 
«n  it*  firft  coming  in  contact  with  the  furface  of  the  fea,  by  its 
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greedily  receiving  the  vapour  which  rifes  in  great  abundance,  but 
from  the  air  being  too  cold  to  retain  it,  the  vapour  is  immediately 
condenfed,  and  falls  down  again,  the  whole  refembling  fleam  rifmg 
from  a  boiling  caldron  -,  the  evaporation  is  briikefl,  and  the  appear- 
ance greateft  when  the  wind  blows  ftrong,  and  the  froft  feve/e,  but 
in  falling,  it  never  freezes  till  it  touch  fomething  ;  from  which  it 
appears,  that  it  falls  quicker  than  the  cold  can  purfue  it,  and  is  not 
froze  until  attacked  by  cold  from  below,  as  obferved  before  in  the 
freezing  of  douds.  This  appearance  of  fleam  is  ftill  more  confidera- 
ble  upon  the  frofty  air  arriving  upon  the  gulf  dream,  on  account  of 
its  greater  warmth  ;  but  the  air  having  by  this  time  received  a  confi- 
derable  degree  of  warmth  from  the  extent  of  fea  it  has  parted  over, 
together  with  what  it  receives  from  the  ftream,  a  great  part  of  this 
appearance  of  fleam  evaporates  and  becomes  invifible  again,  and 
rifing  to  a  greater  height,  condenfing,  forms  clouds,  which  often 
exhibit  a  very  curious  appearance,  efpecially  when  the  afcent  of 
vapour  is  copious,  feeming  to  the  beholder  as  if  they  were  continual- 
ly mixing  through  each  other  in  every  direction,  and  fome  drops  of 
rain  falling  from  them,  which  appear  to  be  caufed  by  this  internal 
motion,  but  feldom  amounting  to  a  fhower.  To  the  fouthward  and 
eaflward  of  the  gulf  flream,  the  clouds  are  regularly  formed,  and 
the  weather  becomes  fqually  with  their  fhower*. 

A  fhip  from  the  coafl  of  America  failing  to  fea  before  one  of  thefe 
frofly  gales,  will  have  the  fky  upon  and  near  the  coafl  perfectly 
clear,  but  upon  approaching  the  gulf  flream  it  will  begin  to  turn 
cloudy,  by  the  warmth  the  Atmofphere  acquires  on  palling  over 
the  fea  enabling  it  to  float  vapour  in  a  condenfed  flute  ;  and  upon  the 
ftream,  and  towards  its  farther  edge  the  fky  appears  perfectly 
cloudy,  from  the  greater  degree  of  warmth  it  acquires  there,  float- 
ing an  abundance  of  vapour,  which  condenfing  into  clouds,  and 
they  rifing  rapidly  to  a  greater  height,  produces  the  curious  ap- 
pearance above-mentioned  •,  but  at  other  feafons,  when  the  frofly 
gales  do  not  prevail,  there  is  no  perceptible  difference  in  the  wea- 
ther upon  the  gulf  flream  and  that  upon  the  adjoining  feas. 

During  the  fummer  feafon  and  fettled  weather,  the  extraordinary 
quantity  of  vapour  which  rifes  from  the  gulf  flream  to  the  eaflward 
of  New  York,  is  by  the  prevailing  foutherly  winds  carried  to  the 
northward  upon  the  banks  there,  where  being  condenfed  by  the 
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cold,  produces  the  fogs  fo  frequent  upon  all  thefe  banks  at  this  fe.:- 
fon  ;  for  it  is  a  circumftance  well  known,  that  fogs  are  more  fre- 
quent, and  continue  longer  upon  the  New  England,  Nova  Scotia, 
and  Newfoundland  Banks,  than  upon  any  part  of  the  European 
coafts,  which,  in  addition  to  the  extraordinary  quantity  of  vapour 
carried  from  off  the  gulf  dream  upon  them,  mufl  be  alfo  owing  to 
the  greater  cold  of  the  fea  there  communicated  to  the  Atmofphere, 
condenfing  this  vapour,  for  it  is  evident,  that  the  water  of  thofe 
feas  comes  in  the  fpring  and  fummer  in  a  flow  current  from  Green- 
land, Davis's  and  Hudfon's  Straits,  as  appears  by  the  immenfe 
mountains  and  fields  of  ice  carried  from  thefe  places  to  the  fouth- 
ward  every  year,  whereas  the  water  of  the  gulf  ftream  and  feas  to 
the  fouthward  circulates  from  the  Weft  Indies. 

There  is  an  extraordinary  circumftance  obfervable  in  thefe  fogs, 
which  perhaps  may  be  found  difficult  to  account  for,  namely,  their 
being  for  the  moft  part  found  upon  foundings  and  near  it,  and  that 
the  fhallower  the  water,  the  denfer  and  more  prevalent  are  the  fogs 
found  to  be.  No  doubt  the  greater  warmth  of  the  water  in  the 
deep  fea  to  the  fouthward  of  the  Banks,  by  hindering  the  vapour 
from  condenfing,  is  the  caufe  of  no  fogs  being  there  ;  but  then  it  Is 
found,  that  the  intermediate  fpaces  of  deep  water  will  be  clear  of 
fogs,  while  the  furrounding  banks  are  covered  with  them,  even 
although  thefe  intermediate  fpaces  of  deep  water  comprehend  but  a 
fmall  number  of  miles,  and  when  fogs  are  found  upon  this  deep 
water,  they  appear  not  to  be  generated  there,  but  carried  thither 
by  the  wind.  Now  the  fog  not  being  upon  thefe  deep  places  be- 
tween the  banks,  cannot  be  owing  to  the  water  there  being  warmer 
than  that  upon  the  banks,  becaufe  the  water  is  continually  moving 
from  one  to  the  other  by  the  tides  and  other  currents ;  from  which 
it  would  appear,  that  there  muft  be  fomething  in  the  vicinity  of  the 
ground  which  encourages  the  formation  of  fogs.  Perhaps  the  elec- 
tric fluid  may  from  the  nearnefs  of  the  ground  rife  more  plentifully 
in  (hallow  water  than  in  deep,  and  by  inverting  the  globules  on 
being  condenfed,  enable  them  to  float  there  in  greater  plenty.  Thefe 
fogs  are  moft  prevalent  in  the  fpring  and  beginning  of  fum;:ier,  be- 
caufe then  the  ibutherly  winds  prevail  moft,  for  the  purpofe  of  fup- 
plying  the  eafterly  circulation  that  is  carrying  on  to  the  northward  at 
this  feafon. 
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Although  in  general  more  rain  falls  upon  coafbs  and  near  them 
than  does  upon  the  middle  of  the  ocean,  yet  rain  is  frequently  pro- 
duced upon  the  North  Atlantic,  from  the  accumulation  and  joflling 
of  clouds  by  the  meeting  of  winds,  whether  angularly  or  in  oppo- 
fite  directions.  Thefe  meetings  of  winds .  are  generally  from  the 
South  and  North,  but  the  eaftern  circulation  inclines  each  of  thefe 
from  the  weftward,  fo  that  in  general  they  may  be  reckoned  from 
S.  W.  and  N.  W.  The  former  is  generally  loaded  with  vapour, 
which  being  condenfed  and  precipitated  in  rain,  by  the  cold  and 
agitation  caufed  by  the  latter,  a  fquall  is  commonly  produced 
where  they  meet.  If  the  northerly  wind  prevail  over  the  foutherly, 
the  rain  and  fquall  will  be  heavier,  becaufe  of  more  vapour  being 
condenfed  by  it ;  but  if  the  foutherly  wind  prevail,  the  rain  and 
fquall  will  be  lefs  violent,  becaufe  great  part  of  the  vapour  will  be 
imbibed  by  the  dry  northern  Atmofphere,  from  its  being  warmed 
by  that  from  the  fouthward  ;  and  though  upon  the  foutherly  wind 
prevailing,  the  firft  rain  on  uniting  be  lefs,  yet  partial  rain  will  af- 
terwards continue  to  defcend,  by  the  continual  condenfation  of  va- 
pour from  the  additional  cold  it  meets  with  on  advancing  North. — 
Hence  the  reafon  of  the  common  obfervation  among  failors,  that 
the  wind  changing  to  the  right  hand  (that  is  from  Weft  toward  the 
North)  brings  fine  weather,  but  changing  toward  the  left  always 
brings  foul  weather. 

The  Britifh  Ifles  lying  in  the  tra£  of  the  wefterly  winds  from 
the  Atlantic  Ocean  to  the  Continent  of  Europe,  and  by  being  the 
firft  land  this  wind  meets  with,  the  vapour  by  being  forced  into  a 
higher  region  from  the  elevation  of  the  land  of  the  weftern  coafts, 
receives  there  its  firft  and  greateft  condenfation  ;  confequently  more 
rain  falls  upon  this  Weft  coaft  than  upon  the  Eaft,  or  upon  any  of 
the  inland  countries  of  Europe.  The  fall  of  rain  in  thefe  parts  is 
greater  in  the  fall  and  beginning  of  winter,  than  at  any  other  fea- 
ibn  of  the  year,  for  in  addition  to  the  increafing  cold  of  this  feafon, 
the  eaftern  circulation  of  the  Atmofphere  over  the  Atlantic,  which 
before  was  partly  carried  on  in  the  northern  Greenland  Seas,  is 
now  altogether  confined  to  the  fouthward  between  the  Banks  of 
Newfoundland  and  the  Weftern  Iflands,  in  which  it  takes  the  Bri- 
tifh Ifles  in  its  tra£t,  and  thereby  brings  a  greater  quantity  of  vapour 
upon  them  5  confequently  \ve  find,  that  the  more  prevalent  the 
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Weft  and  S.  W.  winds  are  from  off  the  Atlantic  Ocean,  the  rainier 
the  feafon  will  be  ;  and  that  the  finking  down  of  the  higher  cold 
air  helps  to  continue  the  rain,  and  renders  a  rainy  feafon  always  a 
cold  one,  and  often  produces  night  frofts  in  the  interval  between 
the  ceafing  of  the  fhower  and  the  influx  of  more  vapour ;  alfo  the 
clear  weather  common  in  thefe  intervals,  is  the  confequence  of  all 
the  vapour  having  been  condenfed  and  precipitated  by  the  froftinefs 
of  the  defcended  Atmofphere,  and  it  is  on  account  of  the  defcent 
of  this  higher  Atmofphere,  that  clouds  are  never  feen  floating  at  a 
very  high  elevation  after  an  extenfive  fall  of  rain. 

In  the  winter  feafon,  the  frofty  mafs  of  Atmofphere  diffufing  it- 
felf  along  the  furface  of  the  earth  by  its  fuperior  weight,  and  con- 
condenfing  the  vapour  it  meets  with,  covers  the  ground  with  fnow 
as  it  advances  over  the  continent  of  Europe,  in  the  fame  manner  as 
already  defcribed  of  the  winter  in  North  America.  This  frofty 
Atmofphere  in  flowing  off  frequently  reaches  Great  Britain  in 
winds  from  N.  E.  Eaft  and  S.  E.  directions,  bringing  with  them 
the  intercepted  vapour  congealed  into  hail  or  fnow,  which  is  more 
abundant  on  account  of  the  great  fupply  from  the  ocean,  which 
coming  through  a  higher  region,  and  in  other  directions,  is  again  re- 
turned by  thefe  frofty  winds  below.  The  more  foutherly  the  wind  is 
from  the  ocean  that  brings  it,  the  more  vapour  will  it  contain,  be- 
caufe  of  its  greater  warmth  5  fo  that  we  find  S.  E.  and  Eaft  winds 
to  bring  the  greateft  quantity  of  fnow,  becaufe  they  return  with 
the  vapour  brought  in  by  the  S.  W.  winds,  which  at  that  time  will 
be  found  to  prevail  on  the  Weft  coaft  of  France,  and  entry  of  the 
Britifti  Channel,  whereas  the  North  and  N.  E.  winds  which  return 
the  vapour  brought  by  the  Weft  winds  round  the  North  of  Britain, 
tho'  coldeft,  bring  the  leaft  fnow ; — but  the  greateft  falls  of  fnow 
often  take  place  where  a  S.  W.  wind  loaded  with  vapour  meets  a 
N.  E.  one.  If  the  N.  E.  wind  prevail,  the  fnow  lies  upon  the 
ground,  but  if  the  S.  W.  prevails,  it  melts  and  drfappears. 

As  the  wefterly  winds  are  the  moft  prevalent,  flowing  in  from 
the  ocean  upon  the  Weft  coafts  of  Europe,  it  may  be  eafily  feen 
that  the  vapour  for  watering  the  face  of  the  country  and  fupplying 
the  rivers  there,  is  moftly  brought  in  by  thefe  winds,  for  the  winds 
that  prevail  upon  the  northern  fhores  of  the  Mediterranean  being 
from  the  northward,  little  vapour  from  that  fea  will  be  carried  that 
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way ;  and  it  may  be  very  probable,  that  during  the  fummcr  months 
fome  part  of  the  vapour  from  the  Atlantic  Ocean  after  fuccefiivc 
evaporations  and  by  diffufions  may  reach  as  far  as  the  weftern  part 
cf  the  continent  of  Afia. 

Upon  the  Weft  coaft  of  Africa,   between  Cape  Verd  and  Cape 
Palmas,  the    quantity  of  vapour  which  rifcs  muft  be  very   great, 
from  the  great  heat  there ;  but  on  account  of  the  drain  of  Atmof- 
phere  continually  carried  to  the  weftward  by  the  trade-winds,  it  is 
left  to  condenfe  and  fall  in  rain  upon  the  coaft  and  adjacent  fea,  be- 
caufe  there  is  no  current  of  Atmofphere  to  carry  it  to  any  confidera- 
ble  diftance  inland.     In  the  day  time,  during  the  fea  breeze  inclin- 
ing the  wind  upon  the  land,  the  vapour  may  be  feen  toward  after- 
noon condenfing  and  forming  in  large  heavy  clouds  upon  the  coaft, 
which  toward  night  moves  off  by  the  land  breeze,  and  difcharge 
themfelves  upon  the  more  and  near  it  in  heavy  torrents  of  rain, 
which,  from  its  quantity,  and  the  height  from  which  it  defcends, 
produces  heavy  fqualls  or  tornadoes,  which  are  fometimes  fo  furious 
as  to  refemble  fmall  hurricanes.     Thefe  rains  here,  as  well  as  in  all 
hot  countries,  are  moft  prevalent  at  the  feafon  the  fun  is  vertical, 
and  always  begin  to  fall  upon  the  fun's  retiring  in  the  afternoon,  and 
from  thence  continue  all  night,  or  until  the  vapour  is  exhaufted. — 
Alfo  it  is  to  be  obferved,  from  the  fcanty  fupply  of  Atmofphere  for 
fupplying  the  trade-winds  here,  that  the  fpace  to  the  weftward  lying 
as  it  were  under  the  eddy  of  this  coaft,  have  the  winds  more  varia- 
ble than  they  are  either  to  the  northward  or  fouthward  of  it,  and  by 
having  the  N.  E.  trade-winds  on  the  North  fide,  and  the  S.  E.  on 
the  South,    this  fpace  turns  narrower  the  farther  to  the  weftward, 
until  it  terminates  in  their  meeting  ;  and  from  the  vapour  carried 
and  thrown  into  it  by  thefe  winds,  together  with  what  is  continually 
rifing  not  having  winds  to  carry  it  all  away,  an  accumulation  of  va- 
pour muft  take  place,  which  from  the  internal  motion  incident  to  it, 
as  an  eddy,  is  continually  falling  in  rain,  and  hence  this  fpace  of  feas 
is  by  failors  called  the  Rains. 

The  vapour  carried  in  by  the  conftant  fea  breeze  that  blows  in 
upon  the  fouthern  coaft  of  Africa,  to  the  eaftward  of  Cape  Palmas, 
produces  falls  of  rain  upon  that  coaft  fimilar  to  thofe  upon  the  coaft 
North  of  it  already  defcribed ;  only  the  rain  here  reaches  to  but  a 
very  little  diftance  upon  the  fea,  becaufe  of  the  wind  blowing  from 
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thence  ;  and  it  alfo  reaches  to  but  a  fmall  diftance  inland,  becaufe  o£ 
the  fea  breeze  bending  its  courfe  to  the  eaftward,  for  fupplying  the 
drain  of  Atmofphere  out  of  the  Gulf  of  Guinea ;  indeed  all 
that  part  of  the  Weft  coaft  of  Africa  lying  between  the  Tropics  can 
have  but  very  little  vapour  penetrate  from  the  fea  to  the  inland  parts, 
unlefs  it  be  by  diffufion,  becaufe  of  the  trade-winds  continually 
draining  the  Atmofphere  away  to  the  weftward  ;  fo  that  the  vapour 
for  watering  the  interior  of  this  country  muft  come  either  from  the 
Indian  Seas,  or  from  the  Mediterranean.  That  which  comes  from 
the  Indian  Seas  muft  have  the  far  greater  part  of  it  condenfed  and 
fall  in  rain  upon  the  mountains  and  high  lands  on  the  eaftern  part  of 
this  continent,  where  by  collecting  in  runs  and  rivulets,  forms  the 
fources  of  the  great  rivers  that  flow  from  thence.  But  that  from 
the  Mediterranean  (by  being  the  far  greater  part  of  the  vapour  which 
rifes  upon  it)  might  at  firft  fight  lead  us  to  imagine  that  this  conti- 
nent would  be  plentifully  watered  thereby,  and  there  is  no  doubt  but 
great  quantities  of  rain  fall  upon  the  mountains  and  high  land  in 
the  northern  parts  of  it ;  but  then  it  muft  be  confidered  that  the 
warmer  the  Atmofphere  is,  the  more  vapour  it  will  fuftain  afloat  in 
it,  therefore  the  vapour  that  rifes  in  the  temperature  of  the  Me- 
diterranean will  continue  to  float  upon  the  low  lands  of  the  conti- 
nent of  Africa,  particularly  in  the  interior,  becaufe  of  the  greater 
heat  there.  Now  the  vapour  from  both  the  Mediterranean  and 
Indian  Seas,  being  in  great  part  condenfed  and  precipitated  on 
palling  the  ranges  of  mountains  contiguous  to  their  coafts,  (which 
indeed  appear  to  be  the  higheft  land  in  Africa,)  what  remains  to  be 
carried  by  fucoeffive  evaporations  to  the  fouthward  and  weftward 
over  thefe  mountains  into  the  interior,  will  not.be  fufHcient,  from 
the  greater  heat  of  the  climate,  to  faturate  the  air  there,  con- 
fequently  it  is  kept  fufpended  in  it ;  and  the  air,  from  not  being 
faturated,  will  fuck  up  all  the  moifture  it  gets  hold  of,  leaving 
the  ground  parched  and  barren  ;  hence  the  caufe  of  the  extenfive  de- 
ferts  which  we  are  told  cover  great  part  of  the  face  of  the  interior 
of  this  continent. 

An  inftance  fimilar  to  this,  (where  great  part  of  the  vapour,  by  be- 
ing condenfed  and  precipitated  upon  pafling  over  high  lands,  and 
leaving  none  to  fall  upon  the  plains  beyond  it,)  is  vifible  in  that  ridge 
of  high  land  called  the  Ghauts,  in  the  Eaft  Indies,  where  according 
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to  the  feafon  of  the  year,  the  fide  the  wind  blows  upon  is  continually 
rainy,  by  the  condenfmg  of  the  vapour,  upon  its  being  forced  into  a 
higher  region  by  the  rifing  of  the  land,  whereas  no  rain  falls  upon 
the  oppofite  fide,  becaufe  the  vapour  that  efcapes  over  the  tops  of 
the  high  land,  by  not  being  fufficient  to  faturate  the  air,  is  fufpen- 
ded  in  it,  fo  that  the  weather  there  is  fair  and  pleafant. 

The  low  lands  of  Peru  in  South  America,  is  another  inftance  of 
this  kind,  becaufe  no  vapour  getting  over  the  Cordilleras  to  them 
from  the  eaflward,  and  the  trade-winds  not  fuffering  any  to  come  . 
from  the  fea  to  the  weft  ward,  is  the  caufe  that  in  many  parts  it  ne- 
ver rains  there.  Indeed  it  may  be  commonly  obferved  where  there 
is  an  extenfive  range  of  mountains,  that  the  weather  will  be  general- 
ly fair  under  their  lee,  while  it  rains  on  their  weather  fide. 

The  fouthern  part  of  the  continent  of  Africa  lying  between  the 
South  Tropic  and  the  Cape  of  Good  Hope,  will  be  watered  by  va- 
pour from  the  furrounding  feas,  carried  in  upon  it  by  the  different 
winds  that  prevail  there — the  weftern  fide  and  inland  parts,  by  the 
prevailing  Weft  winds  from  off  the  South  Atlantic  flowing  in  upon 
it,  and  the  eaftern  coaft  by  the  fea  breezes  from  off  the  Mofambique 
Channel. 

Having  now  finifhed  the  defcription  of  the  circulation  of  the  At- 
mofphere  through  its  various  courfes  over  the  Atlantic  Ocean,  to- 
gether with  that  of  the  vapour  as  it  is  condenfed  and  precipitated 
throughout  this  circulation,  I  fhall  conclude,  and  fum  up  the  whole 
by  obferving,  that  it  evidently  appears,  from  what  hath  been  ad- 
vanced, that  the  original  circulation  of  the  Atmofphere  mentioned 
in  the  beginning  of  this  work,  as  carried  on  from'  the  Polar  cold  to 
the  Equatorial  heat  in  the  lower  regions,  and  the  contrary  in  the 
higher,  is  upon  the  Atlantic  Ocean  combined  with  another  circula- 
tion carried  on  horizontally  in  the  lower  regions  by  the  trade-winds, 
which  is  continually  flowing  to  the  weftward  in  the  equatorial  cli- 
mates, and  returning  again  to  the  eaftward  through  the  climates  be- 
tween thofe  and  the  Polar  cold.  And  that  the  South  and  North 
circulations  carried  on  in  the  lower  and  higher  regions  is  briflceft 
upon  and  near  the  borders  of  the  northern  froft,  becaufe  it  is  there 
that  the  greateft  difference  between  heat  and  cold  comes  within  the 
lead  diftance  of  each  other  ;  therefore  in  the  fummer  months,  by 
thefe  borders  being  removed  fo  jiear  the  Pole,  this  South  and  North 
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circulation  mud  be  carried  on  brifkeft  there,  and  thus  leave  a  larger 
fpace  for  the  other  circulation  caufed  by  the  trade-winds  to  perform 
its  revolution,  by  which  means  the  Atmofphere  will  have  a  greater 
diftance  to  move  to  the  northward  in  foutherly  winds,  through  the 
higher  and  lower  regions  along  the  North  American  coafts,  and  alfo 
to  move  to  the  fouthward  in  northerly  winds,  in  the  lower  region 
over  the  continent  of  Europe  and  its  coafts,  before  it  arrive  at  the 
fource  of  the  trade-winds.  But  in  the  winter  feafon,  when  the 
circulation  is  removed  farther  from  the  Pole,  from  the  froft  not 
reaching  near  fo  far  to  the  fouthward  upon  the  weftern  European 
coafts,  as  it  does  jupon  the  eaftern  American  coafts,  the  northern 
courfe  of  the  Atmofphere  upon  the  latter  coaft  is  but  very  fhort, 
and  therefore  mutt  proceed  in  a  N.  E.  dire£lion  acrofs  the  Atlantic 
Ocean,  in  order  to  its  getting  far  enough  North  for  fupplying  the 
fouthern  flow  of  Atmofphere  from  the  margin  of  the  frofty  region 
upon  the  northern  parts  of  the  European  coafts. 

The  circulation  of  the  Atmofphere,  in  its  courfe  to  the  eaft- 
•ward  and  fouthward,  is  found  upon  the  European  fide  to  proceed 
at  times  in  a  different  direction  to  what  it  does  at  others  ;  fome- 
times  it  proceeds  to  the  fouthward,  round,  or  perhaps  to  the  weft- 
ward  of  the  Britifh  Ifles,  along  the  coaft  of  Spain  and  Portugal  to- 
ward the  trade-winds,  and  at  other  times  by  taking  a  wider  circuit 
it  proceeds  up  the  Baltic,  the  valleys  of  the  rivers  in  Germany,  and 
over  the  lowlands  there,  and  from  thence  to  the  fouthward  over  the 
Mediterranean.  Now  as  that  circulation  which  comes  from  the 
warmcft  climates,  and  immediately  from  off  the  fea,  will  carry  a 
much  greater  quantity  of  vapour  with  it  than  that  from  a  cold  cli- 
mate, and  from  off  the  land,  it  hence  follows,  that  the  different 
courfes  which  the  circulation  takes  upon  the  weftern  parts  of  Europe 
is  evidently  the  caufe  of  the  feafons  being  fo  variable  there  ;  for  in- 
ftance,  with  refpecl  to  Brirain,  when  the  chief  bent  of  the  eaftern 
circulation  takes  its  courfe  from  the  Weftern  Iflands,  N.  E.  over  the 
Britifh  Ifles,  up  the  Baltic,  and  over  Germany,  the  great  quantity 
of  vapour  which  this  wind  muft  be  loaded  with  will  render  the  feafon 
a  rainy  one,  and  the  ftronger  this  wind  is,  the  more  vapour  and  the 
more  rain  will  attend  it ;  but  if  the  circulation  to  the  eaftward  by 
being  feeble  is  turned,  and  proceed  to  the  fouthward  before  it  reach 
the  Britifh  Ifles,  the  feafon  then  will  be  warm  and  pleafant. — 

Again, 


Again,  when  the  circulation  comes  over  the  Greenland  Seas,  and 
from  thence  proceeds  South  along  the  coafts  of  Norway,  and  over 
the  Britifh  Ifles  to  the  fouthward,  the  feafon  will  be  cold  and  blight- 
ing ;  but  if  this  Greenland  circulation  proceeds  over  the  continent  of 
Europe  without  coming  near  the  Britim  Ifles,  and  no  circulation 
from  the  Weft  or  S.  W.  come  to  Britain,  the  feafon  then  will  be 
dry  and  parching ;  from  which  it  is  evident,  that  a  knowledge  of 
what  courfe  the  circulation  may  take  will  lead  to  a  knowledge  how 
the  feafon  as  to  weather  will  turn  out,  a  circumftance  which  would 
be  of  the  mod  beneficial  fervice  to  mankind,  and  to  attain  which 
obfervations  might  be  conftantly  made  in  each  country  concerning  it, 
which  by  diligently  comparing,  might  in  time  make  confiderable 
advances  towards  the  difcovery  of  this  raoft  ufeful  and  important 
objeft. 
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OBSERVATIONS 


INFLUENCE    OF  THE   MOON 

UPON    THE 

ATMOSPHERE. 


X  HERE  is  no  doubt  but  that  the  influence  of  the  Moon  raifes 
tides  in  the  Atmofphere  in  the  fame  manner  it  does  in  the  ocean, 
and  as  fuch  muft  have  fome  effedt  in  difturbing  it.  The  tides  in  the 
Atmofphere  muft  rife  higher  than  thofe  in  the  ocean  of  the  fame 
perpendicular  depth,  in  proportion  as  the  Atmofphere  is  farther  re- 
moved from  the  centre  of  the  earth ;  but  from  the  elaftic  property 
of  the  Atmofphere,  its  parts  will  rife  by  being  extended  upwards 
toward  the  moon's  influence,  by  which  means  there  is  no  void  left 
for  the  lateral  parts  to  fink  in  and  fill  up,  as  in  the  ocean.  It  is  true, 
the  rife  of  the  tide  in  the  Atmofphere,  by  caufing  an  expanfion,  will 
caufe  a  diminution  of  its  fpecific  gravity,  particularly  in  the  upper 
part,  which  will  induce  the  neighbouring  Atmofphere  to  flow  in, 
in  order  to  reftore  the  equilibrium.  But  from  the  fmall  proportion 
which  the  depth  of  the  Atmofphere  bears  to  the  femi-diameter  of 
both  the  earth  and  Atmofphere,  and  from  the  convex  form  of  the 
earth's  furface,  the  tide  raifed  by  the  moon  will  only  occupy  the 
fpace  immediately  underneath  her  direft  influence,  as  it  is  bounded 
by  the  interception  this  influence  meets  with  from  the  earth's  fur- 
face,  fo  that  the  remaining  part  of  the  femi-circumference  of  the 
Atmofphere  (which  muft  be  by  far  the  greateft  portion  of  it)  will 
a£t  as  lateral  parts  ;  therefore  the  fupply  to  reftore  the  equilibrium 
of  denfity  caufed  by  the  rife  of  the  Atmofpheric  tide,  will  be  fo  in- 
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fignificant  with  refpeft  to  the  extent  and  magnitude  of  the  lateral 
parts,  as  fcarcely  to  be  perceptible  in  reducing  the  level ;  beHdes, 
the  diminution  of  denfity  by  the  lunar  influence  being  but  fmnll, 
the  flowing  in  of  the  lateral  parts  to  reftore  the  equilibrium  will  be 
but  flow,  confequently  the  moon's  influence  will  be  paft  before  any 
great  progrefs  in  flowing  in  takes  place,  therefore  there  will  be  but 
very  little  deprefllon  below  the  common  level  of  the  Atmofphere  at 
right  angles  with  the  line  of  the  moon's  attraction,  fo  that  from  fo 
little  deprefllon  taking  place  in  the  tides  in  the  Atmofphere,  thefe 
tides  will  confift  of  but  little  more  than  a  rife  above  the  common  le- 
vel, anfwering  to  half  a  tide  in  the  ocean,  and  are  only  fo  much 
greater  than  the  latter  in  an  ocean  of  equal  depth,  as  the  former  is 
in  proportion  farther  removed  from  the  earth's  centre. 

Since  the  principal  efFe£t  of  the  tides  in  the  Atmofphere  confifts  in 
leflening  its  gravity  toward  the  earth,  thereby  rendering  it  of  lefs 
denfity  underneath  where  the  moon  is  vertical,  and  as  the  Atmof- 
phere encircles  the  earth  every  way,  the  moon's  influence  and  the 
tide  raifed  by  it  will  move  uniformly  over  the  furface  of  the  earth, 
according  to  its  diurnal  motion  in  a  lunar  day,  fo  that  thefe  tides 
will  be  perfectly  regular,  and  their  effect  a  fimple  rife  and  fall  in 
the  Atmofphere,  the  greateft  elevation  being  always  a  little  Eaft  of 
where  the  moon  is  vertical  and  oppofite.  Thefe  tides  will  be  of  lefs 
elevation  upon  the  land  (particularly  if  high)  than  upon  the  fea,  be- 
caufe  of  the  lefs  depth  of  Atmofphere  upon  the  former  for  the 
moon's  influence  to  a&  upon. 

From  the  alteration  in  the  denfity  of  the   Atmofphere  caufed  by 
the  tides,  it  is  evident,  that  they  muft  have  fome  effe£t  upon  the  wea- 
ther -,  thefe  effects  upon  the  weather  will  be   moft  confpicuous  in 
the  equatorial  climates,  becaufe  of  the  greater  influence  of  the  moon 
there,  and  becaufe  the  Atmofphere  (more  efpecially  the  denfeft  part 
of  it)  is  there  of  the   greateft   perpendicular  dimenfions  ;  alfo   a::y 
change  of  influence   upon    it  will  be  eafier  perceived  between  the 
Tropics  than  in  any  other  place,  on  account  of  the  greater  regularity 
of  the  weather  there.  Accordingly  the  inhabitants  of  the  Weft  In- 
dies make  a  remark,  that  the  weather  is  always  more  turbulent  and 
fqually  about  the  full  and  change  of  the  moon,  than  it  is  about  the 
quarters  ;  and  it  is  alfo  remarked,  that  hurricanes  for  the  moft  part 
(if  not  always)  commence  near  the  full  or  change  of  the  moon,  ill  of 
M  which 
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which  evidently  difcovcr  the  influence  of  the  moon  to  have  an  effeft 
upon  the  weather  in  thefe  climates ;  and  no  doubt  tho'  the  effect  be 
lefs,  yet  it  muft  have  feme  upon  the  weather  in  climates  diftant  from 
the  Equator. 

By  the  influence  of  the  moon  leflening  the  denfity  of  the  Atmof- 
phere,  it  will  not  then  be  able  to  fupport  the  fame  quantity  of  va- 
pour which  before  floated  in  it ;  therefore  when  the  Atmofphere  is 
fully  loaded  with  vapour,  this  diminution  of  denfity  will  oblige  it  to 
let  part  of  it  go,  which  by  condenfing  will  fall  in  rain,  and  thereby 
produce  fqualls.  This  diminution  of  denfity  by  the  Atmofpheric 
tides  will  be  greateft  at  the  full  and  change  of  the  moon,  becaufe  of 
the  fun's  influence  being  then  in  conjunction  with  the  moon's,  which 
accounts  for  the  weather  in  the  Weft  Indies  being  more  turbulent  at 
that  time,  as  above-mentioned  ;  and  may  no  doubt  be  the  caufe  of 
the  commencement  of  a  hurricane,  by  the  Atmofphere  then  letting 
go  a  load  of  vapour,  which  otherwife  it  might  fufpend,  until  by  par- 
tial condenfations  about  the  remote  parts,  this  load  might  be  gra- 
dually led  to  difpejfe. 
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OBSERVATIONS 


RISE  AND  FALL  of  THE  MERCURY 


BAROMETRICAL    TUBE. 


IT  will  readily  appear,  from  accumulations  and  exhauflions,  occa- 
fioned  by  the  circulations  of  the  Atrnofphere,  as  defcribed  in  the 
foregoing  fheets,  together  with  condenfations  and  rarefactions  cauf- 
ed  by  cold  and  heat  in  it,  that  the  weight  of  the  column  will  be 
different  both  as  to  elevation  and  denfity,  and  confequently  as  to 
weight,  in  different  places  as  well  as  at  different  times,  in  the  fame 
place.  Therefore  fince  the  column  of  Mercury  in  the  Barometrical 
Tube  meafures  the  weight  of  the  column  of  Atrnofphere,  I  mall 
here,  by  forming  an  eftimate  of  the  proportional  weights  of  the  co- 
lumn of  Atrnofphere,  through  the  different  parts  of  thefe  circula- 
tions, endeavour  to  defcribe  or  point  out  the  general  elevations  of 
the  Mercury  in  the  Barometer,  according  as  thefe  weights  are  more 
or  lefs  with  refpect  to  each  other,  from  the  caufes  that  produce 
them. 

The  principal  circulations  of  the  Atrnofphere  over  the  North  At- 
lantic Ocean,  and  the  continents  bordering  it,  as  defcribed  in  the 
foregoing  meets,  may  be  reduced  to  thefe  two,  namely,  a  North 
and  South  circulation,  caufed  by  the  general  heat  and  cold  exifting 
in  the  equatorial  and  Polar  climates,  carried  on  South  in  the  lower, 
and  North  in  the  higher  regions.  And  a  horizontal  circulation  car- 
ried 
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ried  on  in  the  lower  region  by  the  trade-winds  flowing  to  the  weft- 
ward  in  the  equatorial  climates,  and  returning  to  the  eaftward  in  va- 
riable winds  between  thefe  climates  and  the  Poles.  Now  thefe  two 
circulations,  though  different  in  themfelves,  are  through  their  whole 
extent  found  for  the  mod  part  combined  together,  which  renders  it 
difficult  to  feparate  the  effe&s  of  the  one  from  that  of  the  other ; 
therefore  in  order  to  inveftigate  the  fubjeft  properly,  it  will  be  ne- 
ceflary  to  confider  the  effecT:  of  each  circulation  feparately,  and  af- 
terward the  effecl:  which  the  defcent  of  water  out  of  the  Atmofphere 
will  have,  by  leffening  the  weight  of  the  column  ;  fo  that  by  finding 
the  due  effect  of  each  of  thefe  when  acting  feparate,  and  their  pro- 
portion when  in  coi.  bination,  an  eftimate  may  be  made  of  the  weight 
of  the  column  of  Atmofphere,  and  confequently  of  the  rife  and  fall 
of  the  Barometer,  and  a  knowledge  obtained  of  its  true  caufe. 

In  the  South  and  North  circulations,  the  column  of  Atmofphere 
will  be  heavier  at  the  centre  of  where  is  the  greateft  extent  of  heat, 
becaufe  of  the  conftant  influx  of  colder  and  denfer  Atmofphere  raif- 
ing  the  column  to  a  greater  height;  and  its  weight  will  alfo  be  increaf- 
ed  by  the  great  quantity  of  vapour  raifed  and  fufpended  there  by  the 
heat.  And  again,  the  column  of  Atmofphere  will  be  likewife  heavier 
where  the  greateft  extent  of  cold  is,  becaufe  the  condenfation  it  re- 
ceives by  the  cold  fhortens  the  column,  by  which  means  the  neigh- 
bouring higher  Atmofphere  will  flow  in  upon  it,  in  order  to  reftore 
the  level,  and  thus  by  adding  to  its  height  (otherwife  ihortened  by 
condenfation)  will  increafe  the  weight.  It  is  ta  be  obferved,  that 
the  larger  either  of  thefe  fpaces  of  greater  heat  and  of  greater  cold  is, 
the  lefs  fluctuating  will  the  weight  of  the  column  in  the  centre  be, 
becaufe  the  flowing  in  and  out  of  the  .Atmofphere  to  and  from  them, 
only  taking  place  upon  their  outer  edges,  it  follows,  that  the  far- 
ther thefe  edges  are  removed  from  the  centre,  the  column  there 
will  be  lefs  affecled  by  the  motions  caufed  by  thefe  Sowings  out  and 
in. 

Now  fmce  the  column  of  Atmofphere  is  heavieft  in  each  of  the 
fpaces  where  the  greateft  heat  and  where  the  greateft  cold  is,  it  of 
eourfe  will  be  of  lefs  weight  in  the  intermediate  fpace  between  them; 
for  although  this  fpace,  from  the  fluidity  of  the  Atmofphere,  will 
have  the  height  of  the  column  a  medium  between  the  heights  of 
the  other  two ;  yet  from  the  temperature  being  generally  found  to 
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approach  much  nearer  that  of  the  warmer,  its  denfity,  and  confe- 
quently  its  weight  will  be  in  proportion  lefs  than  the  medium.     For 
inftance,  by  eftimating  the   centre  of  the  greateft  heat  to  be  upon 
the  Equator,  and  that  of  the  greateft  cold  to  be  at  the  North  Pole, 
the  temperature  of  the  former  to  be  at  +  85  of  Farenheit's  Thermo- 
meter,   and  that  of  the  latter  to  be  —  40  of  the  fame,  the    medium 
between  thefe   is  +   22  *,    which  is  confiderably  below  freezing, 
whereas  experience  mews,  that  in  the  latitude  of  45  (the  interme- 
diate fpace  as  to  diftance  when  the  fun  is  in  the  Equator)  that  the 
temperature   in  moft    parts    of  the  northern  Hemifphere  is  above 
freezing,  and  in  many  parts  confiderably  fo,  confequently  the  den- 
fity of  the  column  muft  be  lefs  than  the  medium  between  the  den- 
fities  upon  the  Equator  and  at  the  Pole,  and  from  its  height  (which 
from  the  fluidity  of  the  Atmofphere)  being  only  a  medium  between 
the  other  two  heights,  its  weight  muft  be  evidently  lefs.     Therefore 
becaufe  of  the  decreafe  in  height  of  the  column  as  it  nears  the  Polar 
cold,  the  farther  North  the  warm  temperature  extends,  the  lefs  will 
be  the  weight  of  the  column,  fo  long   as  the  cold  over  the  North 
Pole  remains  in  its  full  vigour  ;  and  fince  the  warm  temperature  ap- 
proaches nearer  the  Polar  cold  upon  the  Weft  coafts  of  Europe, 
than  any  where  elfe  in  this  Hemifphere  (and  that  more  particularly 
in  the  winter  feafon,  becaufe  then  the  Polar  cold  is  moft  intenfe) 
the  column  of  Atmofphere  as  affe&ed  by  this  circulation,  will  be  of 
lefs  weight  there  than  in  any  other  part  of  it ;  and  from  the  circula- 
tion being  carried  on  brifkeft   in   this  intermediate  fpace,  it  will  be 
more  fubject  to  accumulations    and  exhauftions,  and  confequently 
the  weight  of  the  column  will  be  more  fluctuating.     Thefe  fluctua- 
tions will   be   increafed   in  thofe  parts  where  the  froft  and  a  warm 
temperature   takes  pofleflion  alternately,  becaufe  the   condensation 
by  the  froft  by  fhortening  the  column,  will  caufe  the  Atmofphere  in 
the  higher  region  to  flow  from  off  where  the  warm  temperature  is 
upon  the"  frozen  column,  in  order  to  preferve  the  level,  thereby  in- 
creafing  the  weight  of  the  frofty  column,  while  at  the  fame  time  it 
diminimes  that  of  the  other. 

The  horizontal  circulation  of  the  Atmofphere  caufed  by  the 
trade-winds,  will  have  the  elevation  and  weight  cf  tl:c  column  as 
affected  by  it,  gveateft  upon  the  place  where  the  fun's  influence  in 
producing  the  trade-winds  terminates,  becaufe  the  farther  prcgiefs. 
of  the  circulation  from  thence  is  only  caufed  by  the  trade-winds 
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pufhing-it  on,  which  produces  an  accumulation,  from  the  refiflance 
it  there  meets  with ;  and  it  is  from  this  accumulation  difperfmg  on- 
ward that  its  farther  progrefs  is  promoted,  upon  the  principle  that 
a  ftream  of  water  iffuing  into  one  end  of  a  canal,  muft  raife  the 
level  there  before  a  current  commences  toward  the  other  end. — 
This  termination  of  the  fun's  influence  in  promoting  the  trade-winds, 
takes  place  between  the  Tropics,  upon  the  Eaft  coaft  of  America,  the 
Carribbean  Sea,  and  Bay  of  Mexico,  where  an  accumulation  is  like- 
wife  caufed,  by  the  circulation  changing  its  direction  from  Weft 
to  North,  which  adds  ftill  more  to  the  elevation  of  the  column. 

Again,  the  lead  elevation  of  the  column  of  Atmofphere  from  the 
horizontal  circulation,  muft  take  place  upon  thofe  parts  from 
whence  the  Atmofphere  is  drawn  to  fupply  the  trade-winds,  as 
they  are  forced  to  the  weftward  by  the  fun's  influence,  upon  the 
principle  that  a  ftream  of  water  iffuing  out  of  one  end  of  a  canal, 
muft  lower  the  level  there  before  a  current  toward  it  commences 
from  the  other  end ;  and  as  thofe  parts  from  whence  the  Atmof- 
phere is  drawn  to  fupply  the  trade-winds  muft  be  the  weftern  coafts 
of  Africa  lying  between  the  Tropics,  therefore  the  column  of  At- 
mofphere  as  affected  by  this  circulation,  ought  to  be  of  leaft  eleva- 
tion there ;  and  the  intermediate  parts  between  thefe  two  extremes 
of  this  circulation,  will  have  the  elevation  of  the  column  as  affected 
by  it,  a  medium  between  them,  according  as  they  are  fituated, 
the  column  being  higher  as  they  are  nearer  the  Eaft  coafts  of  South 
America  lying  between  the  Tropics,  and  lower  as  they  are  nearer 
thofe  parts  of  the  weftern  coafts  of  Africa  which  lie  between  the 
Tropics. 

Thefe  circulations  being  carried  on  in  different  directions  over 
the  fame  fpace,  and  the  alteration  in  the  weight  in  the  column  of 
Atmofphere  occafioned  by  each  being  duierent,  both  as  tocaufe  and 
fituation  ;  it  hence  follows,  that  in  mod  places  the  weight  of  the 
column  according  to  one  circulation  will  be  different  from  that  ac- 
cording to  the  other,  fo  that  in  this  cafe  the  true  weight  of  the  co- 
lumn will  be  a  medium  of  both,  according  as  the  effect  of  each 
prevail;  and  it  is  from  this  medium  the  comparative  height  of  the 
Barometer  in  each  particular  place  is  to  be  afcertairied. 

It  hath  been  mown,  that  by  the  South  and  North  circulation  the 
greatcft  elevation  of  the  column  of  Atmofphere  is  in  the  equatorial 
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climates,  on  account  of  the  greater  heat  there,  and  that  by  the  ho- 
rizontal circulation  both  the  greateft  and  lead  elevation  of  the  co- 
lumn, as  caufed  by  it,  is  alfo  there  ;  the  firft  being  upon  thofr 
parts  of  the  Eaft  coafts  of  America  that  lie  between  the  Tropics, 
the  Carribbean  fea,  and  Gulf  of  Mexico,  and  the  lead  elevation  upon 
thofe  parts  of  the  weftern  coafts  of  Africa  which  lie  between  the 
Tropics.  Now  from  the  greateft  elevation  of  the  column  of  At- 
mofphere  by  both  circulations,  taking  place  upon  thofe  parts  of  the 
caftern  coafts  of  America  that  lie  between  the  Tropics,  the  Carrib- 
bean fea,  and  more  particularly  the  Bay  of  Mexico,  the  Barometer  in 
thefe  places  muft  be  of  a  great  height,  and  indeed  ought  to  be  higher 
there  than  upon  any  other  part  of  thefe  circulations.  But  upon  thofe 
parts  of  the  Weft  coafts  of  Africa,  which  lie  between  the  Tropics, 
although  the  column  of  Atmofphere  is  higheft  there,  by  the  South 
and  North  circulation,  yet  it  is  loweft  by  the  horizontal  ;  therefore 
the  true  elevation  of  the  column  muft  be  a  medium  between  them, 
and  the  height  of  the  Barometer  accordingly. 

Again,  it  hath  been  fhown,  that  by  the  South  and  North  circu- 
lation the  weight  of  the  column  of  Atmofphere  is  leaft  in  the  inter- 
mediate fpace  between  the  greateft  heat  and  greateft  cold,  more 
particularly  upon  the  Weft  coafts  of  Europe,  becaufe  there  the 
warm  temperature  approaches  neareft  the  Polar  cold.  But  there 
the  elevation  and  denfity  of  the  column,  by  the  horizontal  circula- 
tion, ought  not  to  be  much  below  a  medium  between  its  greateft 
and  leaft  elevation ;  therefore  the  height  of  the  Barometer  there 
will  be  accordingly,  which  will  be  lower  tha^>  any  other  part  of  the 
circulation,  though  not  fo  low  as  the  joint  effe&s  of  both  circula- 
tions would  produce  by  the  parts  where  each  are  loweft  coinciding. 

The  effects  of  the  South  and  North  circulation  upon  the  eleva- 
tion and  denfity  of  the  column  of  Atmofphere,  will  be  fhifted  and 
materially  altered  by  the  fun's  declination  ;  for  when  he  has  North 
declination,  the  great  feverity  of  the  froft  round  the  North  Pole 
being  then  in  great  part  done  away,  the  greater  weight  of  the  co- 
lumn of  Atmofphere  caufed  by  its  conderifation,  is  likewife  done 
away,  and  confequently  the  elevation  and  weight  of  the  column  in 
the  middle  between  the  fpaces  of  greateft  warmth  and  greateft  cold, 
will  be  more  than  it  is  in  the  winter  feafon  ;  and  it  alfo  will,  toge- 
ther with  the  fpace  of  greater  heat,  be  removed  nearer  to  the  Pole, 
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by  which  means  the  general  elevation  of  the  column  of  Atmofphere 
in  the  northern  Hemifphere,  will  be  greater  in  fummer  than  in 
winter,  and  the  Barometer  higher  in  the  fouthern  parts  of  it. 

It  is  to  be  obferved,  from  the  foregoing  circumftances,  that 
where  the  circulations  and  temperature  are  moft  regular,  the  weight 
of  the  column  of  Atmofphere  will  be  leaft  fluctuating ;  therefore,  as 
the  greateft  regularity  in  thefe  takes  place  in  the  trade-winds,  fo  we 
find  the  weight  of  the  column  of  Atmofphere  fhown  by  the  Baro- 
meter, to  be  moft  regular  there  alfo  j  and  fince  the  circulations  and 
temperature  are  moft  irregular  upon  the  northern  parts  of  the  Weft 
coafts  of  Europe,  (more  efpecially  in  the  winter  feafon)  fo  we  find 
the  heights  of  the  Barometer  to  be  moft  fluctuating  there  ;  and  the 
fluctuations  of  the  Barometer  are  greater  upon  the  land  than  they 
are  upon  the  fea,  on  account  of  the  greater  variety  in  temperature, 
and  the  obftru6tion  the  Atmofphere  upon  the  former  meets  with 
in  its  free  circulation,  from  the  unevennefs  of  the  furface. 

Within  the  trade-winds,  and  where  the  fea  breezes  are  conftant 
and  uniform,  it  is  found  that  the  Barometer  is  very  regular,  rifing 
during  the  day  until  toward  four  o'clock  in  the  afternoen,  or  to 
near  fun  fet,  and  from  thence  falling  during  the  night  until  mor- 
ning. The  rife  of  the  Barometer  during  the  day  is  caufed  by  the 
flowing  in  of  the  lower  Atmofphere  toward  the  fun's  meridian  heat, 
by  which  the  column  is  elevated  to  an  extraordinary  height,  and 
its  falling  during  the  night  is  occafioned  from  the  Atmofphere 
ceafing  to  flow  in  below,  and  from  the  column  from  its  greater  ele- 
vation difperfmg  in  the  upper  region,  until  it  is  of  the  ordinary 
height.  This  rife  and  fall  in  the  Barometer  in  the  equatorial  cli- 
mates, will  be  greater  upon  the  land  than  it  is  upon  the  fea,  be- 
caufe  of  the  greater  difference  there  is  in  the  temperature  between 
day  and  night  caufmg  the  fea  breeze  in  the  former,  which  elevates 
the  column,  and  the  land  breeze  flowing  ofF  to  the  fea  during  the 
latter,  which  deprefles  it. 

This  regularity  in  the  heights  of  the  Barometer  in  the  equatorial 
climates,  ceafes  on  advancing  from  thence  North  upon  the  conti- 
nent of  America,  and  its  adjoining  fea,  becaufe  of  the  circulation 
becoming  variable  there,  and  from  the  fea  breeze  ceafing  to  be  con- 
ftant, the  rife  and  fall  during  the  day  and  night  ceafes  alfo  ;  and 
from  the  inland  parts  of  this  continent  being  rather  out  of  the  way 
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of  the  direct  courfe  of  the  circulation,  together  with  the  obfUuc- 
tions  the  Atmofphere,  in  its  free  circulation,  meets  with,  from  the 
ruggednefs  of  the  furface,  the  Barometer  will  be  more  fluctuating 
there  than  upon  the  coafts,  particularly  near  the  borders  of  the 
froft. 

Upon  the  Atlantic  Ocean  bordering  this  coaft,  the  fluctuation  of 
the  Barometer  will  be  lefs  than  it  is  upon  the  land,  owing  to  the 
facility  of  circulation  the  Atmofphere  lias  -along  its  fmooth  and  le- 
vel furface.  But  from  being  fo  little  removed  from  the  Carribbean 
fea  and  Bay  of  Mexico,  and  from  the  horizontal  circulation  here 
changing  its  courfe  from  North  to  Eaft,  the  eaftern  parts  of  this  con- 
tinent and  the  fea  adjoining  to  it  will  have  the  Barometer  in  general 
very  high ;  and  from  the  lefs  elevation  of  the  column,  its  lead  height 
will  be  always  found  where  the  temperature  borders  upon  the  froft. 

The  Weft  coafts  of  Europe,  particularly  the  northern  part,  (as 
hath  been  already  mentioned)  have  the  Barometer  lower  than  any 
other  part  of  the  circulations  ;  this  more  particularly  happens  when 
the  horizontal  circulation  is  carried  on  ftraight  to  the  eaftward  over 
the  continent,  before  it  changes  its  direction  to  the  fouthward  j  but 
when  the  circulation  turns  to  the  fouthward  upon  the  coaft,  or  be- 
fore it  quite  reaches  it,  the  obftruction  which  muft  attend  the 
change  of  direction  will  produce  an  accumulation,  and  raifc  the  Ba- 
rometer ;  therefore  as  the  change  of  the  circulation  upon  the  Weft 
coafts  is  generally  attended  with  fine  weather,  vre  for  the  moll  part 
prognofticate  good  weather  from  a  high  Barometer,  whereas  the 
circulation  when  carried  direct  on  to  the  eaftward  over  the  conti- 
nent of  Europe,  is  commonly  attended  with  rain  on  the  weftern 
coafts,  on  account  of  the  quantity  of  vapour  carried  from  off  the 
fea  by  it;  and  thefe  falls  of  rain  interrupting  the  regulai'ity  of  the 
current  of  Atmofphere,  with  the  other  effects  the  fall  of  rain  hath 
upon  the  weight  of  the  column,  renders  the  Barometer  fluctuating. 
Hence  a  low  and  fluctuating  Barometer  generally  attends  wefterly 
winds  and  rainy  weather  upon  the  Weft  coafts  of  Europe.  Eafter- 
ly  winds  From  off  the  Weft  coafts  of  Europe,  from  their  being  in 
oppofition  to  the  general  circulation,  produce  an  accumulation  and 
raife  the  Barometer,  but  N.  E.  winds  in  the  fpring  and  beginning 
of  fummer,  when  forming  part  of  the  circulation  over  the  Green- 
ly '  land 
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land  feas,  in  its  progrefs  from  thence  to  the  fouthward,  feldom  raifes 
the  Barometer. 

The  obftruction  the  circulation  of  the  Atmofphere  meets  with 
from  the  irregularity  of  the  furface  of  the  land  upon  the  inland 
parts  of  Europe,  renders  the  Barometer  there  more  fluctuating 
than  it  is  upon  the  coafts,  which,  added  to  the  greater  fluctuation 
it  other  wife  has  upon  this  part  of  the  circulation,  renders  it  ftill 
more  fo,  particularly  upon  the  N.  E.  parts,  comprehending  Sweden, 
Ruflla,  and  Poland,  from  their  lying  as  it  were  "upon  the  outer 
Ikirts  of  the  tra£r,  of  circulation ;  for  by  being  removed  to  fuch  a 
diftance  from  both  the  Atlantic  and  Mediterranean  feas,  a  vein  or 
current  of  Atmofphere  being  drawn  from  thefe  parts  toward,  the 
latter  fea,  may  caufe  a  confiderable  exhauftion  of  Atmofphere  be- 
fore a  fupply  from  the  Atlantic  finds  its  way  to  fill  it  up  ;  and  again, 
when  the  current  of  fupply  commences,  the  current  toward  the 
Mediterranean  may,  from  the  effeft  of  the  exhauftion  or  other  caufe, 
be  flopped,  by  which  means  the  fupply  rufhing  in,  will  produce  an 
accumulation  before  the  current  to  the  fouthward  is  again  put  in 
motion  j  hence  the  Barometer  will  be  found  to  rife  and  fall  more  in 
thefe  countries  than  in  any  other  part  of  the  circulation  j  alfo,  the 
fluctuations  in  thefe  countries  will  be  increafed  by  the  near  vicinity 
of  heat  and  cold  that  frequently  take  place  in  the  fpring  and  au- 
tumn, from  the  Atmofphere  in  the  higher  region  flowing  from  off 
the  warm  fpace  upon  the  cold,  in  order  to  fill  up  the  deficiency  in 
elevation  caufed  from  the  condenfation  by  the  latter,  and  thus  re- 
ftore  the  level. 

The  increafe  of  heat  in  the  South  of  Europe,  and  upon  the  Me- 
diterranean, will  make  the  Barometer  higher  there  than  upon  the 
North  of  Europe,  upon  the  principles  laid  down  in  the  South  and 
North  circulation,  and  will  become  lefs  fluctuating  from  the  greater 
uniformity  in  the  temperature  of  the  Atmofphere,  the  nearer  it  is  to 
the  Tropic,  until  in  the  trade-winds,  where  it  is  uniform,  rifing 
during  the  day,  and  falling  in  the  night. 

But  befides  the  alterations  in  the  Barometer,  produced  by  the 
circulations  and  difference  in  temperature,  there  is  another  caufe  of 
alteration,  namely,  the  defcent  of  a  quantity  of  water  out  of  the  At- 
mofphere,  whether  in  rain,  hail,  or  fnow  ;  for  it  is  evident,  that 
where  a  quantity  of  water  falls  out  of  the  Atmofphere  upon  the 
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tarth,  the  weight  of  the  column  will  be  diminimed  a  quantity 
equal  to  the  weight  of  the  water  that  falls  ;  confequently  the  Mer- 
cury in  the  Barometer  mufl  there  fall  in  proportion  j  hence  we  ge- 
nerally fee,  that  the  Barometer  always  falls  wherever  a  heavy  fhower 
defcends,  and  that  it  generally  rifes  again  fhortly  after,  owing  no 
doubt  to  the  furrounding  Atmofphere  flowing  in  to  reftorc  the  equi- 
librium ;  but  the  fall  of  the  Barometer  in  confequence  of  a  fhower 
is  never  fo  great  where  it  falls  as  it  is  round  its  outer  limits,  becaufe 
the  preilure  of  the  Atmofphere  carried  down  by  the  mower  always 
acts  upon  it  in  keeping  up  the  elevation  ;  whereas,  without  the 
fhower,  the  decreafe  of  weight  hath  its  fuH  effect  in  leffening  the 
weight  of  the  column. 

In  the  foregoing  obfervations  refpecling  the  rife  and  fall  of  the 
Mercury  in  the  Barometer,  it  is  to  be  obferved,  that  the  caufes  ari- 
fmg  from  the  circulations  of  the  Atmofphere  and  the,  fall  of  water 
out  of  it  there  alluded  to,  for  the  moft  part  take  place  in  the  lower 
half  of  the  Atmofphere,  or  below  the  line  of  3!  Englifh  miles  of 
perpendicular  height  above  the  level  of  the  lea;  now  although  we 
have  reafon  to  believe  that  the  upper  half  above  this  line  is  far  lefs 
disturbed,  and  that  motions  in  it  are  much  lefs  frequent  than  they  are 
low  down  ;  yet  it  is  poffible  that  motions  or  currents  may  from 
circumftances  take  place  there,  which  may  affect  the  general  weight 
of  the  column,  and  accordingly  produce  alterations  in  the  Barometer 
which  cannot  be  accounted  for  from  appearances. 

Having  now  explained  the  comparative  heights  of  the  Barometer, 
with  its  fluctuations  in  the  different  places  treated  of,  I  {hall  conclude 
with  making  fome  obfervations  concerning  it  as  a  weather  glafs  ;  in 
which  refpe£t  it  is  to  be  obferved,  that  the  Barometer  is  moft  ufeful 
in  thofe  places  where  its  fluctuations  are  greateft  ;  and  this  from  the 
above  defcription,  as  well  as  from  actual  obfervations,  appears  to  be 
upon  the  North  of  Europe  ;  I  mall  therefore  confine  my  obfervations 
to  thofe  places,  more  particularly  Great  Britain,  with  perhaps  occa- 
fional  remarks  as  to  other  places. 

In  the  firft  place  it  is  neccffary  to  obferve,  that  all  calculations  re- 
fpectiug  the  Barometer  can  have  no  regard  to  thedeniity  or  elevation 
of  the  column  of  Atmofphere,  any  farther  than  as  tlicy  affecl  its 
weight ;  therefore  it  cannot  indicate  a  change  of  weather  caufcd  by 


a  change  in  either  denfity  or  elevation,  unlefs  at  the  fame  time  an  • 
alteration  in  weight  takes  place. 

It  is  obvious  co  every  one,  that  when  the  quantity  of  Atmofphere 
in  any  particular  place  (from  whatever  caufe)  happens  to  be  lefs  than 
that  furrounding  it,  that  from  its  fluidity  a  motion  will  immediately 
commence  from  the  other  parts  (more  efpecially  from  where  the 
greateft  quantity  is)  toward  where  the  deficiency  is,  in  order  to  re- 
itore  the  equilibrium  ;  this  motion  will  begin  firft  upon  the  borders 
of  the  deficiency,  and  from  thence  extend  toward  where  the  greateft 
accumulation  is  ;  and  by  its  beginning  upon  the  borders  of  the  de- 
ficiency, the  current  will  be  ftrongeft  there.  Now  as  the  caufe  muft 
take  place  before  the  e'ffe£t,  the  Barometer, .  by  indicating  the  defi- 
ciency of  the  medium  quantity  of  Atmofphere  in  any  particular 
place,  foretells  the  motion  or  current  that  will  rufh  in  to  fill  it  up. — 
Thus  the  falling  of  the  Barometer  indicates  wind,  and  as  wind  from 
a  warmer  climate,  and  from  off  the  fea,  is  always  loaded  with  va- 
pour, this  vapour  will  be  condenfed  into  clouds  upon  coming  into  a 
colder  climate,  or  upon  the  land  ;  and  they  again  by  their  globules 
coalefcing,  will  fall  ,in  rain ;  thus  the  Barometer  indicates  rain 
alfo,  in  fo  far  as  it  neceflarily  follows  wind ;  and  thus  rain,  by  ren- 
dering the  Atmofphere  lighter,  produces  an  additional  fall  in  the  Ba- 
rometer, which  iaft  fall  will  be  recovered  when  the  fhower  is  over, 
by  the  furrounding  Atmofphere  flowing  in  to  reftore  the  equili- 
brium. Hence  we  fee,  that  the  winds  between  South  and  Weft 
from  their  being  the  general  courfe  of  the  horizontal  circulation, 
have  the  Barometer  low,  and  the  frequent  rains  attending  them 
make  it  fluctuating. 

When  there  is  no  confiderable  difference  in  temperature,  and  the 
air  does  not  abound  with  vapour,  the  falling  of  the  Barometer  may 
indicate  wind,  without  rain  taking  place  ;  this  frequently  happens 
in  the  fpring  of  the  year,  becaufe  then  the  Atmofphere  is  not  fo 
replete  with  vapour,  Math  the  fame  warmth  of  temperature,  as  it  is  in 
the  fall  of  the  year  ;  but  after  a  long  tra£t  of  warm  weather  and 
drought,  a  very  inconfiderable  fall  in  the  Barometer  is  often  followed 
by  a  mower,  becaufe  the  length  of  warm  weather  having  loaded  the 
air  with  vapour,  a  lefs  degree  in  denfity  will  then  the  more  readily 
let  it  fall.  Indeed  it  is  generally  to  be  obferved,  that  a  confiderable 
rife  or  fall  in  the  Barometer  is  more  to  be  attended  to  in  foretelling 
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fair  or  foul  weather,  than  the  ftate  of  elevation  or  depreflion  it  im- 
mediately refts  at ;  only  a  rife  upon  an  elevation,  and  a  fall  upon  a 
depreflion,  is  more  indicative  of  fair  or  foul  weather  than  the  con- 
trary ;  alfo  fudden  and  great  tranfitions  in  the  Barometer  always  in- 
dicate the  fame  in  the  weather,  excepting  when  caufed  by  fudden 
and  heavy  falls  of  rain  in  warm  weather. 

As  the  Atmofphere  is  moft  loaded  with  rapour  toward  the  fall  of 
the  year,  the  increafing  cold  of  that  feafon  is  always  condenfing  it ; 
for  which  reafon  we  find,  that  in  the  latter  end  of  fummer,  and  du- 
ring harveft,  a  lefs  fall  of  the  Barometer  is  followed  with  rain,  than 
in  the  fpring  ;  and  from  the  greater  quantity  of  vapour  that  is  then 
floating,  we  find,  that  the  North  and  N.  E.  winds,  by  condenfing 
it,  are  generally  accompanied  with  rain,  although  by  being  in  oppo- 
fition  to  the  general  circulation,  thefe  winds  commonly  raife  the 
Barometer. 

It  often  happens  in  the  winter  feafon,  that  the  vicinity  of  cold 
(from  reafons  already  mentioned)  will  caufe  a  fall  in  the  Barometer, 
particularly  if  the  cold  is  fevere ;  for  it  may  be  obferved,  with  warm 
and  ftill  weather,  particularly  after  warm  wefterly  winds,  that  when 
the  Barometer  falls  very  low,  cold  weather  is  not  far  diftant ;  and 
that  it  commonly  foon  follows  with  bluftering  winds,  upon  which 
the  Barometer  immediately  rifes  again. 

It  hath  already  been  obferved,  that  whatever  alteration  takes  place 
in  the  winds  or  weather,  from  a  difference  in  denfity  of  the  Atmof- 
phere, that  it  cannot  be  indicated  by  the  Barometer,  unlefs  a  differ- 
ence in  weight  alfo  take  place.  Thus  winds  from  afrofty  region  to- 
ward a  warmer,  fuch  as  the  N.  W.  winds,  which  in  the  winter  fea- 
fon blow  from  off  the  eaftern  coafts  of  N.  America  ;  and  the  N.  E. 
winds  which  then  blow  from  off  the  Weft  coafts  of  Europe,  from 
their  being  caufed  by  a  difference  in  denfity,  cannot  be  indicated  by 
the  Barometer:  indeed  their  continuance,  by  ^caufing  an  accumula- 
tion, generally  raifes  it,  particularly  the  eafterly  winds  from  off  the 
European  coafts,  by  its  adding  in  oppofition  to  the  general  circula- 
tion. 

As  to  foretelling  of  rain,  it  is  to  be  obferved,  that  although  the 
Barometer  may  be  fenfibly  affected  by  a  confiderable  fall  of  rain, 
yet  the  indication  by  it  will  pi'ecede  the  fall  but  a  very  little  time, 
becaufe  it  can  only  begin  to  take  place  when  the  water  in  the 
fhower  quits  the  hold  it  has  of  the  air ;  and  therefore  only  precedes 
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the  fhower  the  time  between  its  beginning  to  defcend,  and  its  faf- 
ling,  which  muft  be  very  inconGderable.  This  indication  of  the  fail 
of  rain  by  the  Barometer  will  be  more  vifible  without  where  the 
fhower  falls,  than  in  it,  becaufe  the  preflure  of  the  defcemling  At> 
mofphere  carried  down  by  the  (hower  continues  the  weight  or  pref- 
fure  upon  the  Barometer. — Hence  in  warm  weather,  when  falls  of 
rain  are  heavy  and  partial,  the  Barometer  is  often  affe£led  by  dif- 
tant  falls,  when  no  rain  may  fall  immediately  in  the  place  where  it 
is.  This  is  particularly  obfervable  when  thunder  prevails^  which 
by  being  affe&ed  by  diftant  falls  of  rain,  no  doubt  has  given  rife  to 
the  idea  of  the  falling  of  the  Barometer  foretelling  thunder. 

From  all  thefe  circumflances  we  may  evidently  fee  the  caufe  of 
the  Barometer  being  in  many  refpe£t.s  deficient,  as  a  weather-glafs  ; 
but  the  caufe  of  its  rife  and  fall  being  fully  known,  future  obferva- 
tions  may  in  time  be  the  means  of  laying  down  more  certain  and  ac- 
curate rules  concerning  it. 


THE    END. 
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